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研究の概要と今後の展開
ATP感受性 K十チ ャ ネル は ､ 細胞 内の ATP 濃度の高い ときに閉 じ 低 い と きに 開
くチ ャ ネ ル である ｡ こ の 間閉によ っ て細胞膜を横切る K
+
イオ ン の 流れ が制御さ
れ ､ 生 じる膜電位 の 変化を通 じて細胞膜の興奮性が調節される ｡ これ まで に我 々
は ､ 臆β細胞 の ATP感受性K
+
チ ャ ネ ル が ､ ABC(ATP-binding c as s ette) 蛋白の
仲間 で あるSURl(ス ル フ ォ ニ ル 尿素受容体1) と 内向き整流K十チ ャ ネ ル の 仲間
の Kir6. 2 から構成される事を示 し ､ 血 中グル コ ー ス 濃度に応 じたイ ン ス リ ン の
分泌調節に か かわる ことを示 した ｡ また､ 心臓 . 骨格筋で は ､ SUR2Aと Kir6. 2
分子 が 同様 の チ ャ ネ ル を構成 し ､ 虚血時や低酸素時の筋機能の保護の ため に
働 い て い ると考え られて い る o さ らに 血管系で は ､ SUR2BとKir6.1 が ､ 類似 の
チ ャ ネルを構成 し ､ エ ネル ギ ー 状態 に応 じた血管の収縮弛緩に関与する こ と が
示 唆 され て いる ｡
一 方 ､ ミ トコ ン ドリア に も類似の ATP感受性 K+チ ャ ネ ル が存在 し ､ 細胞 内の
ATP濃度に 応 じた エ ネル ギ ー 産生の 調節を行 っ て いると言われ て いるが ､ その分
子的実体は､ 知 られ て い な い ｡ 我 々 は､ 今 回の 科学研究費補助金 によ り ､ T細胞
白血病株Ju rkat 細胞よリ ミ ト コ ン ドリア 内膜を調製 し ､ パ ッ チク ラ ン プ法 に よ
り ､ チ ャ ネ ル 活動 の 記録 を試 み た ｡ 同ミ トコ ン ドリ ア に 観察されるチ ャ ネ ル の
なか に ､ 2 mM ATPによ り活性 が抑えられ K+イオ ン に 選択性が高く 単 一 電流 の
コ ン ダクタ ン ス が 55pS の チ ャ ネル を見出 した(p. 5)｡ こ の チ ャ ネ ル の キネテ
イ ク ス は ､ Kir6.1 が構成するチ ャ ネル の もの に似か よ っ て おり ､ 今後こ の チ ャ
ネ ル と Kir6.1 との 関係 , また SUR に相 当する未知の 分子 に つ い て の解析 を行 い
た い ｡
また ､ Kir6.1 の 遺伝子欠損 マ ウス を作成す ると ､ 心臓の 障害と思われる症状
で 誕 生 前後に高頻度た死 亡 す る こ とが分 か っ た ｡ し か し 心筋細胞膜で は ､
Kir6. 2 と SUR2で 構成される ATP感 受性 K
+
チ ャ ネル の 活動は観察されるが ､
Kir6, l様チ ャ ネ ル の 活動 は観察されない . 今後の Kir6.1 と ､ 心臓の 障害､ さら
に ミ トコ ン ドリア で の チ ャ ネ ル の 発現 に つ い て の 関係を究明 した い ｡
一 方 Kir6.2 とSURl で構成 され るチ ャ ネル に つ い て , その cAMP依存性蛋白リ
ン 酸化酵素 (PKA) による 各サ ブ ユ ニ ッ トの リ ン 酸化 と機能調 節 に つ い ての 詳
細な解析を行 っ た ｡ その 結果 ､ Kir6. 2分子とSURl分子 は ､ それぞれがPKA によ
るリ ン酸化 を受 け､ 独自の 機能修飾が 行われる こと を解明 した ｡
さ らに′､ tr oglita z o n e､ pioglita z one, KAD-1 229な ど､ 新し い 抗糖尿病薬の ､
Kir6. 2と SURl, S UR2A, SUR2Bそれぞれ の 分子 で 構成されるATP感 受性K+チ ャ ネ
ル へ の 作用を検討 した ｡ これ ら の 研究はともに ､ Kir6. 2 によ っ て 構成されるチ
ャ ネ ル の 機能 ･ 性質の 解析と して 重要 で ある ばか り で なく ､ 今後 ミ トコ ン ドリ
ア の ATP感受性 K
+
チ ャ ネル の 構造 と機能 の 解析を進める上 で も ､ 大 い に有効で
ある ｡
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･s el-Siti､′e】く･
cha n n el)･csl)011Sible1
.
orN O- scl-Siti､′e 叩01)tO Sis･
- Onl)
I O n e Side orthc chall--Cl i5 SじnSitiヽノelO
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野旺Å- m e抽tesp払ospho Ty蜘iom om hc払u m a m旺A T P
c触a 地肌e丑,S 町Rl/Kir6｡2:
Sepa T 諭せe ro貼s o
･Ep触o sp払orylatiom意RM M
･
Ec r e m七 ･sⅦ触um紬s
A 払str 劫C庶
ATP-s e n sitiv epota ssiu m(KAT P)cha n n elsplayimporta ntr oユe sin m a ny c ellul{1∫fun ctio n s s u ch
a s ho m o n e s e c retio n a nd e x citabiliq( of 11ユu S Cles a nd n e u r o n s. Clas sical A TP_s e n sitive
lnta S Sju m(KA T P) cha n n els are hetel
-
O m ultim eric m e mbra ne pr oteillS C OmPrising the po r e-
fo rming Kir6･2 s ubunits and the s ulfonyユu r e a rec epto r s ubu nits (S U R lor S U R 2). The
m oJec ulal･ m eChamis mby which ho r m o nes a･nd ne ul
･
otra n smitter s lrlOdL･1late KA T PChannels via
proteinldnase A(P 旺A)ispoorlyundersto od･ W e m utatedthe PE Aconsen s u s sequ enc es ofthe
hu m a nS U R
◆
1 and Kir6･2 subunits a nd tested theht phospholγlatio n c apacities in Xe l WPu･S
oocyte ho m ogenates and in inta ct c ells･ W e identified the sites r esponsible fo A
･ P旺A
pho spho IY)ation in the C -terminu s of Kjr6･2 (S3 72) a nd S U R l(S157 1). Kir6.2 c arl be
pho spho lylated atitsP KA phosphoIYlation site inintact c ells after G-protein (Gs) c o upled
re c eptor o rdire ctP K Astim ulation ･ W hile the pho spholγ】ation of Xil
･6.2 in cre ases chanlユeユ
activity, the pho spho rylatio n of S U R Icontri butesto thebasal cha nn elpropertiesbydec r e asing
bu rst du r atio n, intel･bu rstinte n'al and open pr obability, and als oin creaslng the nu mbe r of
ft)n ctio nal cha nn els at the c ellsu rfa c e･ M oreov er
･
the effect of P 旺A c o uld be mi micked by
introduc lng n egative chargesintheP K Apho spholγ1atiol Sites･ T hes edatadem o n strate 血 ･e ct
pho spho rylatio nby P K Aofthe K^TP Chan nel, and m ay a)(plainthe m e chanis mby which Gs
pr otein c o upユedr e c epto rs stim ulate cha n nela ctivity･ Ⅰmpo rta ntly, they als odescri be a m odel of
hetel･O m ultim eric io n cha n n els in which the re al･e functionally distin ct r ole s of the
pho spho rylatio n ofthediffe rents ubu nits.
- 6 -
伽m紬･c)a:VⅦai.,I
.
0]m
Regulatio n of io n cha n ll es byintra ceJlulal
･
S lgnals 伽ough pr otein pho sphoIY]atio nis a n
impo rta nt e v e nt thatc o n･tr ols a wide v arieり' ofc elul(Tu
' fu nctio n s(Le vita n et all, 1994)･ Many
cla s s e s ofio n scha n n els, in cluding Ca
2
1 Na
+
,
a nd K
+
cha n n els (,u･e regulated by pr otein
pho spho ITlation(Le vita netal･, 19 94)I The m o stc o m m o n m e chards m s ofpho spbo rylatio n of
io n cha n n els a r e me･diated by protein Ldn a se A(P
･KA) and pr otein ldn a s
-
e c (PKC); the
pho spho rylatio nbyP K AalldP KC o n s erin e a nd 山e o nin e re sid
ues alte r ch(Tu- netpr ope rtie sby
ln Odifyingthe kin etic s a ncVo rthe n u mbel
･
Of a ctive chall n elpre s e nt atthe plas ma m e mbr a n e
(Jo n a s alld Ka c z m arek, 1996)･ De spite exten sive studies o
'
f the pho spho rTlation 血 n ctio n
r elatio n ships of ion cha nn els, utleislw o wn of distin ct role sfol
d
the pho spho rylatio n ofthe
differe ntsubunitsinthe m odulatio n of hete rom ultim ericion chan nels.
KA TPChan nels couple c ellm etabolis mto membrane potentialin m a nytypes of c ell, a nd
pa rticipate in a v ariety of cellular fu n ctions in cluding hor m on
e se c retio n, va scular sm ooth
m uscle tone, a nd eブこCitabilityin neu rons and m u scles(Ashcro
'ft, 1988)･ In pa ncreatic β- cells,
the KAT PChan nelis critical fol
･
glucos e- ands ulfo nylurea
-induc ed insulin se c retion(Cook etall ,
19 8). Inde ed, m utations ofthe KA T PChan nel whichresultinlo s sofitsfunctionle adtofa 血1ial
pel
･
Sistent hyperinsulinemic hypoglyc emia (Tho m as et all, 1995; Ka ne et al･ , 199 6)･ In
addito n, w ehav e rece ntly foundthat thereis alm o st noin sulin s ecl
･
etOry respo n se tO either
glu co se o rthe sul
･fonylu re atolbuta血deil I(ATP Cha n nel
-deficie nt mic e(M ildetal･ ,1998)･
clas sic al KATP Cha n n els c o mprise thein w al
･drectiflel･ Kjl･6･2 s
'
ubu nits 'tnd s ulfo nylu re a
l
･
e C ePtO r Subunits (S U R lol
･ S U R2), which belo ng to the A T P-binding c assette (AB C)
supe rfami 1y with (w o n ucleotide bindingfolds(N B F
-1 and N B F-2) (Babenko et al･, 1998;
sein o, 199). Heter ologo u se叩 reS SiorlStudie s sho wthatdifferingc ombin atio n s of Kir6･ 2 a nd
su Rl o l･
.
S U R 2(S U R2 Aol
･ S U R 2B)l
･
eC OnStih te KA TP Chan n els with distinct n u cle otide
sensitivitie s a ndphar ma c ologicalpr ope rtie s(hagaldet al･ , 195;1996;Is o m ot et al･ , 1 9 6)･
T hepa n cr e aticβ-c ellKATP Cha n nelis c o mpo sed of Kil
'6
･2 s ubunits a nd S U R Is ubu nits with
4:4stoichio metry(
1
.Babe nko etal･, 198;Sein o,199)･ W hilethelGl･6･2 s ubLmitsfo n nthe K
+
io n per m e able po re, and a retho ught to c o nferprim arilyi 血bito nby A TP(Tu cke r elt al･ ,
197),the S U R Is ubu n.hs a rethoughtto m ediatethe stim u･1atoIY effe ct ofMgADP, alld are t
t
he
prl malY targetfo rpha n na c ologlC al age nts s u ch a s s ulfo nylu re a s
and K
+
cha nel openel
､
S
(hagald et al. , 1995;Nic
'
hols etal., 1996
'
,
Grible etal･ , 1997)I Altho ugh deletio nofthe C-
I 7 -
te r min u s of Kir6.2(I(ir6.2 A C26 o r△C36)produ c esKA T PCha n n elc Llr re ntSinthe absenc e of
S U RIs ub mits(Tucker etal., 1997),both 鮎r6.2 s ubu nits a nd S U良1s ubu nits are n o m ally
r equir edfo1
･fu nctionale xpres sio n oftheβ- c ellKA TPCha n n el(In agald etal･ , 1995)I
~Ⅰn addition亡obeingregulated by v ario u s nucle otides, KA T PCha n n els a re m odulatedby
hor m o n e s a nd e u r otr a
'
n smitters (De Weule et al., 1989; Weum a n et al., 19 8), a nd
a c c u m ulatint,cr dataindic atethatintra c ellular signals s uch as. G pl
.
Otein s(Sa n che z et al･, 19 98)
a ndpho sphatidylin o sitol
-4
,5pho sphate(PIP2) (S hynga ndNichols, 199 8;Ba ukr o witz et all ,
1998)m o clulate KATPCh'1nnelactivity. Ithasbe e n sho w nthat the a ctivities of KAT PCha n nels are
r egulated also by pr oteinldn a se A(鮎b 山et et al･ , 1989;Quayle et al･ , 19 94; Wel lma n et all ,
19 98). In thepancre aticβ-c elllines R INm5Fa nd HIT, fo rex a mple, a;こOgen O uSlyintr odu c ed
P 虹Acatalytic subu nits a ctivate the KAT P Cha n n els(Ribalet et al･ , 1989)･ In arterial s m oth
m us cle a nd in v entricular myocyte s, the KA T PChan n els 'v eals o a ctiv ated by Gs- c o upled
re cept or stim ulatio n o l
' by addito n ofex oge no u spr oteinLdna s eA(Qu ayle etal･, 1994;Notsu et
al. , 1992). Pho sphorylation. by unlm o w n kin ases ofthe s ulfonylure arecepto ris als otho ughtto
m odula tethe effectof diaz oxide o nKA TP Cha nnelac丘vity(Nikietal. 1992), o rtobeinvolved in
the m ain te n a n ce ofcba nn el activity(Findlay a nd Dunne, 1986). Ho w e v er, the m olecula rbasis
of P 旺A- m ediatedpho spholylation of KATP Cha nn elsis n otkn ow n ･
Du e to the importa nce of P K A- m ediated KÅTP Chan nel pho spho rylation in vario u s
tis su e s, w e atte mptedtoidenti秒the P K Apho sphoIYユatio n sitesin the hu m a npan c re aticβ- c ell
I(ATP Cha n n el(Kir6.2/S U R l)and hav einv estigatedthe effe cts ofs u chpho sphol了Iatio n o nits
activity a nd ldnetic properties･ Oul
･ bio chemicalstudies dem o n str ate dil･eCtly that s erin e at
re sidu e372of Kil16･2 a nd serine htresidu e1571of S U R larebothpho spholγlated by P K A･
W hiletheP K Asitein Kir6･2c a nbepho spho rylatedinintactcells after G -pr otein(Gs)c oupled
rec epto r o r
･dil･e CtP K Astim ulatio n, S U R l is alre ady pho spho ryla亡ed byP E A inthe bas alstate･
Ele ctr ophysiologic ala nalyses sho wthat Whilethepho sphorylatio n of Kir6･2 in cr e a ses a ctivity
ofthe KA T PCha n n els, the pho spho rylatio n ofS URl affe cts ch'Tul n elprope r亡ie sbydecl
･
e aSl ng
･
bu r st clu ration, intel
･bu rstin亡e Ⅳ al, a nd open pr obability･ The s e effe cts w e remimicked by
introdu cing n egativ e cha rge silltO PKA pho spho rylatio n site s of K止6･2 (372D) orS URl
(1571 D). The phospho rylatio n ofS U R l is als oin v olv edin the m ainte n a n c eof fu n ctio lla
expr e s siol1 0f KA TPCha n n els a[ the c ells u rfa c 巳･
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Analysis ofthe amin o aci.ds equ e n c e r
e v e als the pre s e n c e oftw o co n sen s u s si
.
ce s(T224a nd
s37 2)forPKA pho sphol
-
ylatio nin the cytopla smic C
･･te rmin alr egio n of hu m a nKir6･2, 且od
fo u rsite s(T949,S 1446,S1500, a nd S1571)inhu m a nSURl(Fig･ 1)I While
`
theputativ e sites
fo rPKA･pho spho lγ1atio ninlur6･2 are c o n se rved a m o ngthedifferentspecie side ntifiedtodate,
tho s ein S U R la re n otc o n s e rved. S 1571 is ahu m a n specific site, w山1ethe othe r site s ar eals o
pr es e ntin rat an 〔l/orham ster･ Bio syntheticlabelling
with
35
slne血 onine of Xe n10Pu S OOCyteS
e xpres singSU R Iplu swi ld
-type(wt)Kir6･2 o rS U R Iplu seach m uta nt旺il
-6･2sho w edthat wt
nr6.2 a nd allthe m utan ts'Tu
･
e expre sed at a si mi larle v el(Fig･ 2 A, la n es 2-5)･ The
pho spho rylatio n c apacity by P K Astim ulatio n w as then t氏sted in the hom ogenates･ Aj[er
inrlm unOPre Cipitatio nof Kir6･2, a nincreasein the
32
p inc 叩 Oration upon cA M paddit o n was
detectecl in JYe l WPL'･S O OCyte S expres sing wt Kir6･2/S U R l(Fig･ 2 B, co mpal
.
e la ne 2 with 4),
indic atingthatm r6･2 be c a me phosphol
･
ylated in respons eto P K Astim ulatio n･ A ddition ofthe
spe cific P K A inhibito l
･ 班 -89to theholnOge n ate CO mPletelyabolishedthephosphorylatio n(Fig･
2 B, c omparela n e4 with 5), confim hgthe specificty ofthe P E A
- m e;dia一edphosphoiylatio n･
Despite the si mi larle v elofe xpressio氾 OfwtKir6･2, the m uta ntS372 A, a ndthe double m uta nt
T 2 4jV S 37 2A(Fig. 2 A), thepho spho rylation of bot
.
h m utants w as co mpletely abolished(Fig･
2 B, c o mpare la ne 4 with 9 and ll), while the T2 4A mutation did.n ot affe ct the
pho spho rylation of Kir6･2(Fig･ 2 B, c o mpa rela ne4 with 7)･ A bolitio n ofthe P K A
-tnediated
phospho IYlatio n of Kir6･2 als o w as ob
tain ed by m utating the serine 372 in aspa rtate
(u npublished data)･ T hes el
･
eSultsin clic ate that serin eatresiclue 37 2of Kit
.6･2 c a nbe directly
･
pho spho rylated byP K A･
A si 血1al･ appr o a ch w as usedtoidenti
･
fythepho spholγ1atiom siteforP K A in h-･lrn a n a nd
r ats u R l. M etaboliclabelling with
35
s- m ethio nine sho w edthat the 叩 re Sio nle vels of e ach
suR lm tla ntin o o cytes w as c olnPal
･
able withthatofwi1d-type(Fig･ 3 A, c o mparelane 2 with
lan e s3-5). Wild-type hu m a nS U Rlbec amepho sphoIYlated in re spo n s el
'
･o P KA stil m llatio n,
but wit(I-typeratS U RI w a s n otpho sphorylatedbyPKA(r
l
.
ig･ 3B, c o mpa relLu ･e3 a nd4 with
la n e12a nd 13, r e spe ctively). T
'
he abolitiol- 0
'ftheSUR Ipho sphoIYlatio nby addito n o
f
fthe
PK A inhibito r朋-89c o nfil
･
m ed P KAspe cificityofthepho spho rylatio n(『ig･ 3B, c o mpar ela n e
ー 9 -
4 with 5). BoththeS1500A a ndS1446Arn uta nts w e repho spho rylatedtothe sam eexte nta sthe
wild-type(Fig･ 3B, c o mpa rela n e4 wi[h hle9 o r‖)I Ill C O nt1
-
aSt･
,
thephosphoIYlatio nin the
S1571 Am uta ntin respo n se toPKA w as c o mpletelyabolished(Fig･ 3 B, co mpaL
･
ela n e4 with
7). P KA -1Tiediatedpho sphoIYla【io n ofhum anS U RI was als o abolished bythe s ubstitutio n of
se rin e157 1with aspartic acid(u npublished data)･ In au pr otein sthat al
.
a kn ow n to be
pho spho r)71ated byP K A,tw opo sitivelychargedlysine and/o r argl nin e i
-
e Sidu esarepre s e ntin -
2 a nd - 3 fr o mthepho spho叫ated serine o l
' th.e o nin e(Pe ars o n a nd 拡e mp, 1991). Neithe r r at
n o rha m stel･ SU R Ic o ntain s aP K Ac o n s e n s u spho spho rylatio n site c o IT eSPOndingto s e rin e
1571inhu m a nS U R l･ Altho ughthe serine r e sidue c oIT e SPO ndingto 1571 inhum an S U R l is
pre sentin both specie s, the
-3 fr o m 血s s e rine is n ot a po sitively cha l
･
ged amino a cid, but
glutamin e･ AccQrdingly, serine 157 1 inhu m a nS U R l is specie sspecific a nd a uniqu eSite for
P K A- m ediatedphospho rylation･
Sinc ep1
-
Oteinldnase C(PK C)ha sbe en suggestedto modulate KA T PChan neユ a ctivib′
(wollheim etal. , 1988), w eals oinv estigatedin a si mi l
l
ar w aytofind if Kir6.2 orS U R Ic o uld
be adi1
-
e CtS ubst1･atefo 1･ P K C- m ediatedpho spho rylation ･ A fterpho rbo1 12- myrlState13- a cetate
(P M A)stim ulatio n(100nM)of P K Cendogenous kin as e sofXefWPu S O O Cyte ho moge nates,
neithe rK ir6･2 no rS U R Isho wed arl incre ase in pho?pho rylation. A si mi la r r e s ult w as als o
obtainedin adifFe ren texpressio n system u sing C OS-1 cells(unpubl丘sbed data). Thes e r e s ults
inclic ate that n eitherKir6･2 norS U Rl is dire ctly pho sphorylated by P M A-se nsitiv eP KC in a
l
･
e CO n Stitutedsystem .
P KA ･ m edi如 cd pho spho R
l
yRa軸 m 五m 地e hu m a･m β･cem ⅨA T PCh血m m e‖ m 克mCa c屯 c eMs
Al[ho ughoL
'
u
. dataindic ate cle arlythatpho spho吋1atio noc c u rs atspeci
.fie site sin KA TPChan n els,
todete n血 n eifthese sites ar ephospho l
･
ylated inintactcells, w e tr an sientlytr an sfe cted C OS-l
cells with either human wtlGl･6･2 ol･ rnuta ntKir6･2 S3 72 ACD N Atogethel
･
Witheithe rhu m a n
wtS U R lo 1･ the m uta ntS U R I S 157 1ACD N , a ndte stedtheir abilitytobepho spho rylated in
inta ctcells afte rP K Astim ulatio n. hl Lu
･
ltra n Sfe ctedCO S-1cells
, neitherlGr6.2 n orS UR Ic o uld
be detected afte r m etaboBc labelling with
35s- m ethionine (Fig･ 4A a nd B, lan e1) o r
32
p-
orthopho sphate(Fig･ 4 Ca nd D,1a n e sト3)･ In t√al-Sfe ctedc els, m etaboliclabelling with
3 5
s-
me[hio nin e sho w edthat wta nd m uta nts of boths ubしI ni[s w e王.e e xpres sed atsi血1a rle v els(Fig.
4Aa ndB, c o mpal
●
ela n e2 with 3). Thepho sphorylatio n of wtl{Jr6.2 but n ot tha( of 旺il･6.2
･ 10 I
S372 A w as incl
･
e aSed by stim ulatio n of C OS
-1 c ells with fo rskolin a nd 3-isobl･ltyトl-
m e亡yl兄a nthine(rB MX)ordibutylYIcyclic ad.e r10 Sin e m o n opho spbate(dbcA M P) (Fig. ∠l･D,
c o mpa r ela n e4 withla ne5o r6a nd als o c o mparela n e7 withlane 8 o r9)･ Tlhsindic al二eSthat
s el
･in e372inhu m
'
a nI(jl･6.2als o c a nbepho spho rylatedbyp
lⅨA in intactc ells. In c o ntr a st, wt
S U R lispho spho rylated u nde rthe bas alc o nditoll(Fig･ 4,1a 鵬 '･I･)･ W e c o uld n otdete ct a ny
signific a ntin c re a sein wtSUR Ipho sphorTlatio n･ by stim ulatio n with fo rsko
.lin andtB W〔
'
'
or
dbcA M P(Fig. 4 C, c o mpal
･
ela n e4 withla n e5 or6)I h addito n, m utation ofthe P K A-site
(S U R I S 1571 A)didnotre s ul亡in a ny signific a ntdec re as einpho spho rylatio nintheba s a】. state
(Fig. 4 C, la n e7), a ndthe P K A inhibito rH- 89 didn ot redu c ethis bas al phospho[ylatio n
(unpublished da t a),indicatingthatbas alpho spho rylatio nisdueto u血 o w nldnases rat:hertha n
P K A. rn co ntr ast to Kir6.2, nodir e ctP 虻A- m ediatedpho sphorylation of hulTlan S U Rl il nta ct
cells c o uld bedete cted.
To determine ifthe ba sal phosphorylatio n c o uld m a sk the P K A- m ediated S URI
plw sphorylatio n, w e pe l
'fo 1･ m ed a tw o<lim ensional pho sphopeptide mapplng a nd
pho sphoamino a cida nalysis(P A A)usingtheim mun opre cipitated wt and m utanthum an SU R l
f1･O rn t1･a nSfected C O S- Ic ells with o rwithoutforskolinplus ⅢきM Xstim ulatio n. Digestioll with
(rypsin of im rnu nopr e cipitated wt andthe m uta ntS U R I S1571 Ashow ed si mi 1al
･
m aps Ofthe
pho sphopeptides･ rtow e v er, on epeptide bec a m e alm o st undetectable a
･fterthe digestion ofthe
m utantS URl,indic atingthat the S U R I P 旺A-siteisloc ated inthe peptide(unpublished data).
Sinc ethisphosphope ptide w as detected in the non -stim ulate,d state a nd c o uldnotbe fu rther
in c re as edafterP ⅨAstilnulation,theS U R I P K A-site mightbe already pho spho ryla亡ed byP E A
in the basalstateinintact c ells. On the otherha nd, phosphoaminoa cid a n alysュsidentifiedthe
pho spho rylation o
･fa u niqu e S e1
･in e residu e
,
a nd bec a u s ethe m uta ntS U R l didnotabolish 山s
s eriユ- e Pho spho rylatio n, the basal pho spho rylation c o uld be du e plコm arily to u nkn o w n
serin e/tveo nin eldna s e s(unpublished data)･
To asc el･taini
.fa relativ elyhighlevel of ba salpho spho rylation du eto u nkrlO W nkin a s es
a nd/o r P K Aac c o u nl1.S Fo r the failu reto d.ele ct a n in c re a sein PKA - m ediated SURI
pho spho rylatio nininta ctc ells, w e elimin atedpo s sible u nkn o wn cytos olic kina s e sby prepa rl nB
a c rude m e mbr a n epl
-
eP'Tu
.
atio nfr o mCO S-1 c ells tra n sfe cte ⊂]･ with the wt KA T PCh･a n n el
(Kir6.2/SURl) ol･ the m utal
･
t KA T PCha n n el (Kir612 S372/SU RI S1571 A)･ Sin c e n o
pl1 0 SPbata seil山bito rswerein cluded du r mgthe pl
･
ePa ra亡io n, thispu rific atio n step als o alo w ed
- ili!-
tlS tO Ob min a c o mpletely depho sphorylated SUR l･ We the n c a rried o ut a n
-.in vitl･0"
pho spho rylatio n as say uslllgthe e x oge n o usP旺A c atalytic s ubu nit･ Althougha slight bas al
pho spho rylatio n w as stil pre s e nt, de spitethe e xpr es sio nlevels ofthe wt a nd m uta ntS URl
being s血1ar(Fig･ 5 A, in s et 2 a nd 3), the addito n of PK Asubsta ntialy inc re a s ed the
phospho rylatio n ofwtSURla nd n ot thatofm utalltSUR I S1571A(Fig1 5B, c o mparela n e3
a nd4 with lane 5a nd6, respectiv ely). This s ug ge ststhathu m an S U R Ic a nbepho spho rylated
in C OS-1 c ells ats erュn e157 1 btlt,in co ntrast tothe c as einXelWPu SO O Cytehom oge n ates, s u ch
P K A- m ediatedpho spholγ1atio n c a nbedetected o nly whe nthe ba s alpho spho IYlatio n of SUR l
dueto u nlくnOW nkinases a nd P K A islo w.
Re cepto r me戯 aCed pho spho ryAat五o m o= he 払u m 訊mβ･ C e且且 K AT PCha mmc且 鼻血 CO S-1
a nd M ‡N 6c e且丑s
ln o rderto bette r under sta ndthe physiologicalrole ofthe P KA - m ediated pho sphorylatio n of
IGl･6･2, w e examinedtofindifthe a ctivatio n of diffel･e ntGprotein-c o upledrecepto rsc o uld lead
to a cha nge in Kir6･2 pho sph叩 /1atio n･ Fo r this purpo se, C O S-l c ells w ere tl
･
aJISie ntly
tran sfe c[ed with wt or the m uta nt(Kir6･2 S372/S U R IS1571 A)KAT PChar m eltogether with
val
･ious G pr otein -coupled re c eptors･ M etabolic labelling with
35
s- m ethio nine of C O S-1 cells
show edthat the wt a nd rn uta皿tKir6･2 w ere expressed at a si mi la rlevel(Fig. 6 A, inset). W e
therl dete lmined whethel' Or n ot Stim ulatio n with epin ephrin e, which a ctiv ates elldogen o u sβ2-
adre n e1･glC r e C ePtOrS･ 1e ads t opho spholγ1atio n of Kir6･2 a[its P 旺Apho spho rylatio n site･
Stirnula亡ion ofP2-adl'energic re c eptol'S with epinephrin ein cre as edthe phosphorylation of wt
Kir6･2, but n ot that ofthe m utant(Fig･ 6B, cornpa re lane 9 a ndl l with la ne 10and 1 2,
r espectively)･ T he~ effe ct of epineJPhl
'in e c o uld be abolished by the β- antago nist alpr e n oll
(u npublished data)･ T he se dataindic atethat the pho sphorylatio n of mr6.2 afterβ2- ad,energic
re c epto r a ctiv atio nis m ediatedbyP K A･ To ful
･therjnvestlgatePKA 一 山ediatedpho sphorylatio n,
lGr6･2 孔nd S U R Iw er e c o e xpL
･
esSed withothe rG -pr otein c o upledl
･
e c epto rss u ch aspitu 血 y
ade nylate cyclas e-a ctivatingpolypeptide(PACAP)re c epto rP A C A P-3(Ⅱn ag=dde[ aユ., 194),
g{1 Str Ointe stin al inhibitory polypeptide(GIP)1･e c epto l･ (Yas uda et al. , 194), o rsom ato statin
r ec epto rSS T R3(Ya m ada etal･･ 192), allofwhicharekn o Ⅵ′ntobe 叩 re S Sed inpa n creaticβ-
c ells a ndto m odulatein s u血 se c retio npo sitiv ely o r n･egatively･ PACAPa nd GIPstim ulation,
which in cl'e a S ethe CA MPc o nte ntin c ells(hagakietal･ ･, 1994;Yas uda et aA. , 1994), w e r e able
- 1 2 I
topr o).ll.OrePho spho):ylatio n oFwtlijl
-
6･2･(Fig･6,la n e s2a nd6)･][n c o ntr ast.,the 鮎r6.2 S 372A
c o uld n ot u nde 1-gO PAC AP- ol
. G 肝-ind･u c edpho spho71Ylatio n(】Fi.g･ 6, la n e s3 and 7). Ås a
negativ e c o ntr ol, s亡血ulatio n ofthe so mato statin r巳C ePtO rS,kn o w ntoi蛾ibit adel
･
ylyl cyclas e
a ctiviLy, c o uldLI Otin c reaselGr6･2pho spho rylation(Fig･ 6,la nes13-16)･ T he se re s ull:s血dic at8
thatstim ulatio n ofrecepto rs c o upledto the cA加肝-depe ndent signallillgPathw ayle adsto the
phospho rylaLio n of Kir6･2 ats a血e372･
To (letelT ni eif mr6･2 a nd S U R l in n ativ e c ells c a nbepho spholγlatedbydirectP KA.
o r r e cepto r stim ulatio n, w e eJ
ICaminedthe c apac ityOf mr6･2 a nd S U R ltobe phospho IYlated by
forskolil " nd IB M X, dbcÅMP, o rP A C APstim ulatio nin 皿 O u S ePa n Creatic β- cell-deriv ed
M IN 6c ells,in which both Kir6.2a nd S U R la1
-
a expres s ed(In agalde
A
L al. , 1995). S hd arlyto
hulTla n S U R le xpress ed in C O S-1 c ells, abasal 1evel ofphosphory丑ation o
'f S U R l in M I N 6
cells w as obs e rv ed in the absenc eofstim uli, and it wa snotincre ased bydil
･
e CtP E Aor P A C A P
stirnula
'
tio n(Fig. 6 C, la n es 1-4)･ In co ntr ast, Kir6･2 pho sphorylation w asincrea sed
signific a n tly(2-3 fold)a鮎rfo rskolin and I丑Im 〔stim ulatio n(Fig･ 6 D, comparelan ei with 2),
butalm o stn oin cre ase w as observed afterdbcA 脚 orP A 仁:A Pstim ulatio n(Fig. 6 D, c o rnpal
･
e
la ne 1 with lan e3 or4), s uggestingthatdu eto thelo w er abundance of bo th Kir6.2 and S U R I
pr otein sin M IN 6c ells a s c ompar edtotr an sfe cted cells, only a m a)1imalstim ulation of P 旺A
pe lmitsdetectio n of Kir612pho sphorylationinthese c ells･ Thesel
l
e Stl sil･1dicatethatKjr6･2･ ca n
be directly pho sphoITlated atS 37 2, both afterG pl
･
Otein- co upled stim ulatio nin a re constituted
syste m and afte rdire ctP 旺Astim ulatio nin n ativ ecells, s uggesting a
･physiologlCalsignific ance
of P K A- m ediatedpho spho rylatio nof 鮎1
'6･2･
旺肝馳cCs o貯 肝ⅨA ･･ m c,dtl
'
I如 色tdl 帥ひSP･ho 町ynalt五to,nn o 皿nM m 別mβ- C e‡l∬ 旺A TP Ch 馴n m C丑
pn
･
叩 e r血五e s
To dete n T血 eifPK A- m ediatedpho spho rylatio n c o uldm odulatethepr opertie softhe cha n n el,
w e e x amined the ele ctrophysiologJC al p.l
'
0pertie sin eフ〔Cised in side- out membr 打1e Patch
c o nfigu r atio n o
'f C O S-1 c ells e x･pr e ssl ng Wt KATP Cha n n els o rthe P K A
-site m utallt KA TP
cha n n els. TheP旺A c atalytic S ub nitw a s appliedtot
'hebaths olutio n c o ntaininglOトLM A T Pto
pr e ventA
-
u n (to w n ofthel{L^ TP Cha n n el, but this A甘Pc o n c e ntratiol =′a S S uf
･ficie ncfo r u s e a s a
P臥A s ubst
l
l
-
ate(】LnJbalet et al. , 1989)･ A･･ progre s sive in cr e a sein R二AT PCha nnel a ctiviq/ w as
obs e rv ed ･fr o m6仁o10minafte r application ofthePK AcatalytlC Subu nit･ As showninFig. 7A
･ 13 -
a nd 7B
,
in cr e a s ein activity w as2foldfo rboth wt 旺ir6･2/S URl(212%)a.nd Kir6.2/S U RI
S1571 A(209 %).In c o ntrast, n o significa n亡in c r e as ein activi吋 wa sObs e r v edin KA TPCha n n els
c o mprisinge仙ermr6･2 S372 A/Ⅵ′tS U Rlor拓l
'6･2 S372 A /SU RIS 1571 A(Fig. 7 Ca ndFig.
7D). Thisincl･e aSein cha n n ela ctivity w asdu eto n eithel
'
the cha ngein cha n n elco nducta n c e(pS)
(7 4.3 ±0･7, 72･0 ±0･8,il-the abs e n c e ofP K Aand 72･1 ±2･9, 74･3 ±1･8, inthe pr e s e n c e of
P虹A,fo r wtKir6.2/S U R la nd Kir6･2 S372 A /wtSUR l, r e spe ctively, n=5fo r e a ch), n o l
･
the
cha ngein A T P-s e n sitivity(Ki,LLM)(27･5 ±2･2,26･5士1･7,inthe abs e n c e ofPK Aa nd 26.3士
2.8, 2 5.9 ± 2..5, in the pres e nce ofP K A, for wtKir6･2/S URl a nd mr6.2 S 372 A/wtSUR l,
respectively, n=5 fo reach),but to aninch
.
ea se in open pl
'
Obability ofsingle chann els a n cVo ran
in c reaseinthe n u mber of functio n alcha n n els whichw er e alre ady pr esentinthe m e rnbl
･
an e(Fig.
7, right)･ These clata suggeststl
-
Onglythat the KAT PChan nel can be a ctivated by di1
･
eCt P K A-
m ediatedpho spho rylation of S37 2 in lGr6･2, a ndtha tP 旺Apho sphorylatio n of S U R l is n ot
requir ed･
To dete rmin eif P 旺A- m ediated pho spho rylatio n of S U R l might have AlnCtional
significa nc e, w ea nalysed KA TP Cha n nelldn eticsfl
･
O mPatches which had only a single chan nel･
Interestingly, as sho w ninFig･8, the reis a n ap pare ntdiffe1
.
e n C einthe chan n elldn etic sbetw e en
the KA T PCha n n els c o mprlSlrlg WtS U R landtho se c omp1
･
1Slngthe m utantS U R I S 1571 A. K 人TP
cha nnels ha v e a co mpleJT(1dn etics, o n eopen state(て｡) and three clo sed states(てcl, でc2, rrc)
(Alekseev et all, 1997)･ T he m ean open and clo sedtimesd mingbur sts al･e defin ed by てo and
･
Tcl, reSPe Ctively･ Interbu rstkinetic sisde
'fin edprin cipallybylonge r clo s edtim es てc2 a nd てc3(℃c3
>
r
cc2)･ As show ninFig･8 and TableI,the m e a nburstdLlr ation andthelong clo sedtim e(てc3)of
KATP Channels c o mprising the m utant SU R I S1571Aw ere sigmi fic a ntly (2-3 fold) and
dra m atically (6-9 fold) prolongecl, re spectively, a s c o mpared to tllO S e Of KAT P Cha n nels
c o mpl
-
1S
･I ng WtS U R l･ T he clu ste rdu ratio nin
･ KATPCha n n els c o mpl
･
1Sl ng m uta ntS U R I S 15 71 A
als o w a sgr e atly prolo ngecl(Fig･ 8, c o mpar eA o rC with Bo l
･ D, Table I) and, a s a
c o n s equen ce, the openpl
'
Obabilty w asincre ased(TableI)･ On the othe rha nd, no signific a nt
cha nge w as observ edforthe othel
･ ldn etic pa ra m eter s, て., てcl a ndてc2･ 甘hes efindingstogethe r
sugge st tha‖he P KApho sphol
･
ylatio nsiteinSU Rlof KA T PCha n n elsplays a nimportantl
･
Olein
bas alcha n n elldn etic s.
Sin ce disr uptio n oftheSU Rl炉KA pho spholγ1atio n site alo n e wa s s ufficie nt to af
.
fe ct
bursta nd illterbu l.Stldn etic s a ndope npl
･
Obability, w etho ught that the 炉KA sil
･
･eihs uRl migh[
ー 1 4 -
alre adybe･ in the pho spbo rylated fo m lin
･ the bas alslate in irltaCt C ells･ To e valu av[ethe se
po s sibilites･ w epe rfol
･
m ed adepho spholl/1atio l 川 又perim e ntir 川Ihichthe 批alinepho sphatas e
w a s applied to thebath s olutio n･ Tre atme nt with au{･alin epho sphatas e sho w s (Iboth P KA
-
depe nd･e ntand
-indepe n 〔l叫 prO C e SS e S‥ a P旺A
-depe nde ntpr o c e ss c
'
haR･a Cteriz ed by a 山:al
･
1Sient
il Cre aSein cha n lle a ctivity(1.7fold)ofthe KA T PChan nels c o mprising wtS U Rl(Fig･ 8 Aa nd
a)thatis abolished in the K T^ PChannels c o mprising m uta ntSUR I S 1571 A(Fig･ 8 Ca nd D)
and a 『K A-indepe nde ntpr o ces s observed as ade c re as ein cha n n el activity of
l
both wt and
m uta nt K^TP Cha n ne一s afterlo ng e)こPO Sui
-
e to alkaline pho sphata se(Fig･ 8, right)I Tl
-
eatm e nt
withalkaline pho sphata se als opr olo nged sigIM icantlybu rsta nd clusterdu r atio n, a ndto s o me
e ブ⊂te ntthelol一.g Clos edtim e(てc3) ofthe KA TP Chanll･els co mprising wtS U R l(Fig･ 8 A a nd B,
TableII), while n o sig山丘ca ntcha nge ＼対aS Observedinthe KATPCha nn els comprising m uta nt
S U R I S 1571 A(Fig. 8 Ca nd D, Table II)･ T hese l
･
eSultsindicate thathum an S U R l is rldeed
alre ady pr esentinitsP K A-phospho rylated folm in intactc ells a nd canbe depho sphoxylated by
the additon ofalkalinepho sphatase ･ As show nin Fig･ 4, S U R l is alsopho sphorylated･ in the
basalstate by u nkn o w nldnases･ Althougba比alinephospha[as e cle a v es a ny ofthe pho sphate
gr oups which al
･
e Phosphorylated byP K Aand u nlm o wn kin ases7 thein sen sitivity of m utant
S U RI S 1571 Ato al kalin epho sphata s eafte rsho l
･texpo su reindicates that the bul
･
Stand･cluster
dur atio n, inte rbu l
･
Stinterv al, a nd ope n pr obability euects ar edu eto the P K Ar ather thal
unkno w rlldll aSe Pho sphorylatio n･ In c o ntr ast,theprogl
.
eS Siv早de crea sein openprobability aftel
･
lo nger exposuretO alkalinepho sphatas e, wtich m aybe ass ociated with
"
run -dow n.., mightbe
duetodepho sphoL
･
ylation ofthe sitespho sphol
･
ylated byu nkno w nldnases･
To confim lthat negativ echargesin the Kir6･2 and S U R I P K Apho sphorylatio n sites
plays a r olein the m odulatio n ofchann
elactivity, weintr odu cedc o n stitutiv ely n egative cha rges
by l
･
ePla cl ng botll Pho spho rylatio n sites with the acidic amin o acida sp打tic acid･
T his
substitutio nw as sllOW ntO mi micthe ac[iohofldn a se s(Lietal., 1993). Inpatches which had
o nly a s l ngle Kir6･2 S372D/wtS U RIcha n n el, a2
-4 foul in c rea s ein ope npl
･
Obability w as
obser v ed, c o mparpJdto the wt Kir6･2/SU R Icharu el(0･12 ± 0･ 6a nd O･3 7 ± 0･10, for wt
IGl･6.2/S UR la nd lGl
･6.2 S372 D/wtS U R l, respe ctiv ely, n= Jト7). hl C O ntra St, n O Significant
cha nge w as obser v ed i凸 OPe nPr Obabi叫(0･12 ±0･06a nd O･09± 0･03, fo r wtKir6･2/SURl
a nd wtKir6.2/S U RIS1571 D, r espectiv ely, n=4
-7)or ch弧 n el k血etic s(unpublished data)for
theSU RIS1571D m uta!
･
.1t
,
a S W O uld be eブ(peCtPJdif S U]Rlis ah
･
e adypho sphoIYlatect u nde r
･ 1 5-
bas al conditio n s. The se re s ultsindic ate that the pr es e n c e of n egative cha rge s(i.a . , PE A
pho sphoryla亡io n)in 鮎1
･6･2a ndSU R lis s u
'frl Cie ntto a ctiv atethe KAip cllan nel'Tuldtodete rmin e
thebasalpr ope rtie s,in cludingthede c re as e,in ope nprobability, 1
･
e SPe Ctiv ely･
1nte re stl ngly, r ubidiu m em u x fro m the KA T PCha n nels c o mprlS lng S URI S1 571 A
e xpr e ssedin C O S
-1 c ells de cr e a sed by 68 ± 12 %(n =3), c o mparedto thatfr o m wt KA T P
chat-n els･ Sinc ethis re sultc o n亡ra s亡 totheincrea sein ope npr obabilty obs erv edbypatch cl amp
a n alysis(Table I), w e a亡temptedto dete 血 n ethe lev el o
'f fun ctio n al e xpres sio n at the c ell
s u l
･fa ceby m e a s uringcha nll ede n sity･ Thefu n ctio n alchan n el de n sltyisdetelmin edprl n CIPally
bythe cletectable r ate of chan n els andthe numbel
･
Of cha n nelsin a patch･ Boththe cha n nel
detectable rate a ndthe nu mbel. Ofcharm elsin apatch w el
･
e m arkedlyreduc ed in cells tl
･
a n Sfe cted
with m uta ntS U R IS1571 A(Table I)I In thes eexperim ents, si mi lar e叩 reS Sio nle v els o
･fthe
wi ld-type a nd m utantS U R Iw el
･
e Cletec[ed, as a sse sed by
35
s- m ethio nhe m etabolic labeuing
(u npublished data)I Using chan n el den sityandope nprobabilty para m eters,the cha n n el a ctivity
of KATP Cha n n elc o rnprlSlnL,CrS URI S1571Ac anbe estim atedto3 0-40 %of wtKAT PChan n els.
T hese re s ults suggest that a redu ctio nin bo th the cha nnel dete ctable rate and the n u mber of
cha n n els within apatch ac coLlntSfo rthe de cl
･
e aSein rubidiu m flux, andthatdisr uptio n of the
P 艮A pho sphoIYlatio n site in S U R l impairs channel a ctiviq, by decreasing fun ctio nal
exp1
･
eS Sion oftheKA TPCha nnels at the c ellsul
'face ･
D iscus s壷o皿
W e ha v eshow n that thehu m an K^TPChannelco mprlSlngS U R la nd Kjr6･2 s ubu nitsis dir e ctly
pho spho IYlated by P K Aor Gs
-pr otein c oupled receptol
･
Stim ulatio n when r e co n stituted h
XelWPuS O O Cyte ho r n oge
.
rlateS Orinintactc ells･ Weide nti･fied S3 72a nd S 1571 in K r6･2 a nd
SURl, r espectiv ely, a s u nlqueta rgetsfo rP K A- m ediatedphospho rylatio nine ach subu nit. The
pho sphol
･
ylatio ndetected in M 刑6c ells a ndthein crea s ein cha n nela ctiv l亡yininside-o utpatch
c o nfigu r atio n afte l
･ 柑 A catalytic s ubu nit applic atio n s ugge st tha〔KATP Chan n els {Tu
l
ePO Sitiv ely
c o ntr olled byaP K A- m ediatedpro c ess･ The abolito n ofthisin c re as ein a ctivityafte rdis nlPtio n
ofs e rin ein Kjl･6･2 indic ate scle arlythatlqil
･6･2istl-e m ajor Site of P K Aphospho rylatio n, a nd
that cha n n el
■
a ctivitylSdhe ctly m odulated by s u ch P KA- m ediated pr otein pho sphoIYlatio n･
Native KATPCha n n elsin the pa n c re aticβ-c el derived c ellin es R王Nm5Fa nd I- ITsho w ed a
simila rincre ase incha n n elamplittlde(2-3fold)afterdbcAM Pstim ulatio n(Rjbal占tet al. 1989).
- 16 -
Ⅰn additi.o rl,in a)(.cisp,也in si(le
- o utpatchco nfigu ratio n, KÅTPCham ne,ls in R 肝寸m5『a nd HIT
a)1hibiLa Sindal
･in c reasein ope npr obabilty afte):Pl(A c a叫′tic su加 nitapplicatio n(Ribaletet
al.
,
1989). Rode ntpa nc re a･ticβ- c ellKA T PCha n n els(1ur6･2/SURl)re constitutedin C OS- 1 c els
als o requi rePho spho rylateds e rin e atre sidL
･
Le372in Kir6･2to sltgnifica ntlyinc re ase the chan nel
a ctivity byPKA stim ulal:io n(Nagashim a etal･ , inprepa ratio n)･ Sin c epho spho rylatio n o
'fthe
Kjr6.2 s ubu nitis ne c es sa ry fo r m.odulatirlg both hu man and rode nt Kir6
.
･2/SU RI cha nnel
a ctivity, a nd,il- ad(litio l-, the Kir6･2 s ubu nitc o uple s with eithe rSU Rl, SUR 2 A, o rS UR2B
s ubu nit(In agaldetal., 1995;1996;Is o m ot et all , 1996), P E A- m ediatedpho spho rylation of
the Kir6.2 s ubu nit ratherthallthe S U RIsubLmit seem s to play the m o rege neralrole in
m odulating KATP Cha n nel a ctivity･ A
t;lo w ev er
,
the simple replace m ent of the P KA
pl-osphorylatio l-Site at serine
-157 1with alanin ein hu m a nS U R Ipl
･
Olonged the bu rst and
clu sterdul-atio n,interburstinte rval(てc3)a nd increa sedthe open pr obability. The KA TP Cha n nels
also u nderw e nt a reduction of a ctivityby60-70 % in ntactcells, which mightbe e)(plain ed by
impaired fun ctio n al 叩 reSSio n of KATP Cha - els at
the c eu su rfa c e･ M oreo vel･ , a比 aune
phdsphatase tr e atm entcle arlydem onstrateth
atS U Rl is alre ady pho sphol
･
ylated by P K Ain the
ba sals tateinintact c ells. Ac c o rdingly, ln COntr aSttO the c ase in rode nts, P E Apho spho lylatio n
of hu m allS U Rl is respo nsible in pa爪 fo rthe mainte n a n c eof fun ctional e)tpressio n of the
cha nnels at the c ellsu rface, a ndse em stobe a rnainfacto 1
'indete rmin mgtheldn eticpl
'
OPe rties
Obse rv ed in naL
･iv ehu m anKA T PCha n n els. Co nsistently with ourdat a, Babenko et al, (1 998)et
al, fou ndthatrem o valo
･fonlythe15residu es of S U Rl in whichthe;炉旺A pho spho rylation site
is located eli min ates alm ost allof the ch打Inel a ctivity, as a ssessed by n lbidiu m efflu x
m e as ul
･
e m e ntS usinga Series ofsm alltnlnCationsfro mthe C
-te rmin ale nd of S U R l･
H ow the P K Apho spho rylatio n site ofSU Rl isCo nic allypho spl1 01Ylated wlhle that of
Kir6.2 is not l
･
e m ain s u n cle a r. T he remightbe an u nide ntified m ole c ule that m odulates the
pho spho l
･
y】atio nbyinte r actlng WiththeS U R lo rlh
･6･2s ubu nit･ A 地r n ativ ely, the a
･ffintie sof
the PK Apho spho IYlation site s ofthetw o subu nits mightbediffer e nt･ Fo r e x a mple, A
-1 血as e-
alCho ringprotein s(AKAPs) whicl- rekn ow n to a nchor PKA clo s eto prefelV ed s ubstr ate s
(Rubin etal., 1994), c o uld beloc ated inpr oコ(i mitywith SU 剛butl
'
･
hOt wi[h KilL6･2to e)iPlain
the observed diffe ren c eof PKA pho spholγ1ationinthebas alstate･ Ajl Otherintere stll
･
1g
･fe atu re
o
.Ithe P KA pho spho rylatio n sitesin the different s ubu nits is that they c ol血btlte tO OPe n
pl
･
Obabilityl nthe KAT PCha n n elsil-an OPPOSite w ay:SUjRla nd Kil
16･2 ]PIIJ生pho sph叩1atio n
I 17
･
de c re a si ng a nd incr e a singthe cha nn elopenprobability, l
･
eSPeCtively･ Ac co rdingly- bothofthe
c-te minipr obably playa nimporta nt r olein gatingthe KA T P
Cha n去elporeby m odiq,in雷the
c o nfoL･ m atio n olfthe regLO n･ Sinc ethe PKA a ctio n ofeach subu nitc at-be mi micked by the
Kir6.2(S 37 2 D)orS U R l(S1571D)m uta nt,the negativ e cha rge s c ar riedbyboths ubu nits s e e m
tobego od c a ndidatesfol
･ this stru ctur alcha nge･ Pre vio u s studies ha v e als osho w nthat theC
-
termin u s oflGr6,2 plays a cITCialr olein the regulatio n of the KA TPChan n el(S hyng and
Nichols, 1998;Ba uk∫o witz etal., 1998;Tu cke r et al･, 1998)I The C-termin us ap pea r sto be
in v olv ed inthebindingof A TPa ndPIP2(Shyng a nd N ichols, 1998;Bauh
.
owitz et all
,
1998;
Tucker et al. , 1998), top打ticipatein the gatingofthe cha n nel(Drain et al･ , 1998), a ndto be
inv olv占d intheintr ac ellula rtrafficl{jng(Ze･l･an oq eetall, 1999)I One ofthe po s sible stnl Ctu r al
m odific atio nsbyP K Aphosphorylation coul d beintera ctio n with cytoskeletalele m ents, asis
kn ow n of the C-te1minal reglO n Of Kir2･3, in which as s ociation o r disso ciatio n with
cy[oskeletal ele mentsis under regulatio nby P K A
- m ediated pho spho[Tlatio n(Cohe n et al･,
1996). H ow e v er, the C-terminalregion of K 止6･2 do es n ot contain kn o wn motifs wllich could
iinte ract withcyto skeletalele m e nts･
T heP K Apho sphorylationinS U R lappearstobe m orec o mplextha nin Kir6･2･ On one
ha nd, the prese n c eofthe pho sphate gro upin hum a nS U R lredu c es o pen pr obability, w 山 ch
thenbe c om es si mi larto r ode･ntKÅTP Chan nels(Ⅷrappetal･, 1998), suggestingthat the chan nels
inthe basalstate n atu rallyte ndto bein thelow Po m ode o
･fgatl ng･ Onthe othel
･ ha nd
,
sinc e
fu n ctio1 ale xpl
･
eS Sion o･fthe chan nels at the c ellsurfaceis reduc ed in S U R I S 1571 A, the PK A
phosphorylatio nin S U R l might als obe inv olved in the trafficldng fr o mthe intra cellular
v esicles to the pla s ma m e mbrarle二asha sbe e ndes cribedofw atel
-
Cha n nelaquapo rin-2(『u shi mi
et al. , 1 9 97), o rparticipate in the activ ation of cha nnels alre ady pre s e nt o n the plas rn a
m e mbrane. T he C-te rminus of S UR l,therefo re, seem stoplaya c ritic alr oleinthe regulation of
KATP Chan nela ctivity･
KATP Cha nnels c a nbe a ctiv ated
･by Gs
-c o upled re c eptol
･
Stim ulatio n･ Fo r e x a mple･
stim ulatio n ofc alcito nin ge n e-1
･
elated peptide re c epto r(Wellm a n et al., 19 8
･
, Qu ayle et al･ ,
1994), A 7- I:e C ePLo r(m
eppis ch a nd Nels o n, 1995), andβ.-adre n o r ec epto r(Narishige et al･-
1994)a ctiv ate KAT PCha n n els via a nadenylylcyclase/PKApathw ayin arte rials m o oth n
-
1u S Cle s,
artel
.ial myo cyte s, a--d c ol
･
O n a ry a rte ry, r 巳SPe Ctiv eユy,le adingto a nin creJaS ein v a s odilatatio nin
the s etis su es･ Sin c etheljre sentdataindic ate adire ctpho sphol
･
ylatio n ofKir6･2 bystiln ulatio n
･ 18 -
of Gs- c o upled re c eptorsinintactc els, a nd o u rpre]j･min(～.y e叩e r血e nt sho ws thatboth rat
S U 旺2 Aa n 亡lS U R2B d10 n O亡se em to be dire cts ubsLr atpJSfo rlPKAL - m ediatedpho spho rylatio n
(unpublished(1ata),the m e chalds mby which Gs-c o し]･Pledprotein re c eptor sti)n ulatio n activ ate s
KA TPCha n n elsinthe se tiss u es appe al
･
StO be du eto adh･e ctphospholy7･atio n ofs erin e372山
Kir6.2 byPKA . h c o ntr ast, the physiologicalsignifica n c e ofP Kん mediatedpho spho rylatio n
ofthe K^ TP Chan n elsinpa n c re aticβ-c ellsis le ss c e rtain. Activ atio m ofthe KA･r･P Cha n n els
theor etic allyinhibitsin s ulin se cretio n, while a ctiv ation ofthe cA M 野付KA pathw ay no n Tlaly
stim ulate sin s ulin s e c retio n(Ashcr oft, 1994; Jo n e s a nd Pe rs a ud, 1998). Sinc e the basal
intra cellula r CA M Pa nd P K Aa ctivityinpa n cre aticislets arehighertha ninpurifiedβ- cells, a nd
botha r e requiredto maintain se cretory activity(Pipeleers et all , 1985), the KAT PChan nel co uld
be ma xim ally phosphorylated illthe ba sal state s o that n o mol
･
e in c rea sein chann el a ctivity
couldo c c ur after the PK Astim ulatio n. h that c ase, the正'K A- m edia ted. pho spho吋Iatio n ofthe
KATP Chan n el might n ot pa rtlCIPate in the stirnulatio rlPro c ess Of ins ulin s ecretio n･ Tlds
hypo thesis oftonicP K Aphospho IYla･r･ion of KA TP Cha n nelsis suppo rted by aphosphoIYlatio n
study o
･f the glu co se tran spol
.
te r G L U T 2which sho w s that G L U T2 is m axim a山y
phospho rylated byP E A inthebasalstateinpa n c r e aticisletsbutnotinpmi fiedP- c ells(T ho l
'
e nS
etal. , 19 96). Anotherpo sible role of P K A- m ediatedpho sphoITlatio n of KA T PCha n nelsinβ-
c ells co uld be its pa rtlC IPatio n in the o scillation pr oc ess co mprlS" g depolari21atio l a nd
hype叩 01arization(Ulユrich etal･ , 1996)･
In s u m mary, our data indic ate that w山1e the W･ir6･2 s ubu nits･appeLTu
･
tO be
pho sphoIYlated by P K A in allspeciesidentifiedto date, the pho sphorylatio n ofthe S U R I
s ubu nits is species spe cific･ In addito n, the role oftl- epho spl- orylatio n of each s ubunitis
distinct:theP K Apho sphorylatio nin Kir6･2is responsiblefo rinc re asing Chan nelactivity ofthe
KAT PChan n els and c an be pho spho rylated by Gs coupledl
･
eCePtOrS, W hile thepho sr)horylatio n
in SU R l･particJPateSinthebasalstate ofthe cha- uelpr operties, in cluding bul
･
St a nd cl'u ste r
duratio n,inte rbu rstinte r v al a nd openpr obability, a ndis als oilnPOrtaltfol
･ the ln aintel a n C e Of
fu n ctio nale xpressio n ofthe cha n n els at the celユs u rfa c e･ Ac col
･dingly,thepre s e ntstudysho w s a
m odelofm odulatio n ofheter o multim el
･icio n cha n n elsin which PIくん】m ediatedpho spho l7/1atio n
ofthediffe r e ntsubunitshasdistillCtl
･
01e s.
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Su･e･dir e cted タ柁utagCg7･eSis
point m utationsw e reintrodu c ed into theputativ ePK Apho spbolγ1atio n sites o
･
E hum an K ir6･2
a nd S U Rl by the polymer as e chain l
･
e a Ction (PC R)-ba s ed m ethod･ T he m utatio n s w e re
c o nfin ed by DN Asequ e n cing u sing a uto m ated DNA sequ e nc e a n alysis(A別 PRIS M3 10
Gen etic An alys e r, Pe rkin Elm e r)I Hu m a nSU R Iclo n ed fr o m ahu m a nin s ulin o m a CD N A
libr a ry(Ge nba nk a cce s sio n# A F O87138), hu man Kir6･2(hagaldet al･- 195), a ndr atS U R l
(giftfl
･
O m G. Bell)w ere subclo ned intothe pS D5 v e cto r･ Toincre a se thetr a n slatio n of fo reign
CR N AinXe l WPuS O O CyteS,the5
-
- u ntra n slated regl O n Of hu m a nKir6･2, hu m a nS U R l, a nd rat
S UR Iw a s r epla ced witha m odifiedXeTWPu S5
1
- u ntra n slated regi o n aSdes cL
･ibed pr e viously
(B iguin et al., 1由6).
Expy
･
es sion of cR N As im Xctwpu s o o cytc s and ph･o sphop
.
ylatiot "
'
p3 lw N Wgett ate S
stage v - V Io ocytes w e re obtained fro mXe n･opu slaevis a sdescribedpre
vio u sly(Biguin et al･ ,
1996). 2.5 ng ofin lJilr oSynthesized CR N A for hu man mr6･2 a nd 10ng ofCR N A for hu man
ol
･
ratS U R Iw e re I nje cted into oocytes･ To c o n
'fim pr otein e xpres sion, som e ofthe injected
o ocytes w erein cubated in m odified Barth
f
s mediu m co ntainingO･6 mC V mi
35
s- m ethio nin efor
3 6 hand s ubjected to a 12 hchasein m odified Ba rth
t
s mediu m c o ntaining 10m M c old
m ethio nin e. Ev en after3 days chase, 氾 r6.2and S U R linje ctedalon eortoget
.
her wer estable hl
the oo cytes, inclic ating thatboth subu nits are in sensitive tothe o ocyte degl
･
adatio npathw ay
(unpublished data)I Triton e)(tl
.
a cts W erethe npr epar ed as described(B iguin et al一 , 1996)and
m r6.2 and S U R Iw er ei皿 m u nOPreCipitated(se ebelow)･ The l
･
e rminingo ocyte sw el
'
einc ubated
for2 daysill m odified 古a rth
-
s mediu m a ndyolk-fl
･
ee ho m oge n a亡es w e r epl
l
eP{Tu
l
ed asde scribed
previou sly(B iguin etal･, 196)a nds ubjectedtopho sphorylation e叩e rim e nts･
The P K A depende ntpho sphol
･
ylatio n re a ctioninho mogen ates w asdo n ein ahqu ots of
8-9 oo cytesinthepre s e n c e oflOOトLM y
-
32
p ATPa nd5 0[LM CAMP(Sigm a)at25
o
C fo r30
min. In s o m e c a s e s,theP E A inhibitorH -89(Calbio che m) w as added 15 min prio r tothe start
｡fre a ctions. T he re actio n s w e re stopped by he ating at 95
8
c a nd adcling s os (3.7% filal
c o n centratio n)a nd 也e s a mplesthe n w e re s ubjectecltoim u n opre cipitatio n(s e ebelo w)･
t7ellc El
･
u3
･
e aP7.a E) N Ad
･
c
･
a f王Sfe cdio3･E･
cos-I a ndM IN 6cells w e regr ow n inJt)ulbe c cds m odified Eagle
-
s m edium (highglu c o s e)
s upple rn e nted with 10 %fe(albovin e se r u m, stl
-
ePtO rnyCin(60･5 トLghTd)alldpe niciuin (loo
･ 20 ･
トLg/nil)･ COS-1c ells w e re, tra n sipJntlytran sfectedwith wt o r lln utatedhuln a nKjr6･2･ cDNA､rJlus
hu nla nS U Rl(4トLg a nd lトl･g Ofe ach subu nitfo r
'
bio ct'd mic ala nd eJe ctr opI
J
lySilogicalstudie s,
r e spe ctiv ely), u singlipofe ctamin e a nd Opti 朋E M Ii
.
e age rltS(Life Te chn ologie s)o1' FuG BN E6
(Boehringe r), ac c o rdingtothe n･1a n ufacture r
'
sin stru ctio n s･ In.
s o m e c as e s
,
hu m a n s o m ato sttirl
re c epto rs s TR3 CDNA(Yamada etal･, .1 92), GIPrec epto r cDllTA(Yas uda et al･, 1994
.)7 0 r
P AC A P R-3 CDNA(Ill agaidetal., 1994)(3トLgfor e a ch)w a s als o c o-tra n sf6cted into C O S-I
c e:Its. 甘r a n sfected 100- m rndishe s w e/l
･
SPlitinto
Lthre e60- n m dishe s･ Tw o days after
tr an sfe ctio n, o ne dish w as u sed fo rbio synthetic
35s- m ethio nin elabellinga ndthetw o rem aini ng
dishe s w e reLISed fol･ Pho sphoIYlation a ss ay(s eebelow)･ For ele ctr ophysiologicalre c o rdings,
c o s-1 cells we re plated o ndishes c o ntain lng glassc ov erslips a nd eitbe rwi 1d
-typFJ Or m utated
Kir6.2 CD NA and S U R ICD N Aw er ec otransfe cted withthe gre en flu oresc entpl
･
Otehl CD N A
(PS Rα - G 肝P, 0･5トLg)a sa repo rtergen e･
M el･abolic Dabclliy2g a Pl･d
〟
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'
n m
'
v o
〃
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co s-1 c ells w e rem etabolicallylabeued by equilibl
･
ated c ellsin Dulbe c co-a m odi･fied Eagle
■
s
m ediu m with｡｡t rn ethi. nin efor1 ha nd the nin c ubatedin the s a m e m ediu m c ontaining?
5
s-
m ethio nine(0.2 mCi/ 血)(Am ersham)fo r18 hat37
o
C･ T hepbo spho IYlatio nexperim enl
-
･s w ere
perfo r med asfollo w s:C O S
-1 or M IN 6c ells w ere equilibrated in phosphate-f
･
A
･
ee Dulbec c o
l
s
m odified Eagle
.
s m ediu m fo r2handthe nincubatedinthe sam e m ediu m co ntairdng c'vTier-fl
･
e e
32p(o.2m Ci/血;Am e l
･
Sham)for tw o addito nal houl
'
S at37
o
Cr P KA- m edia tedphosphoIYlation
afterdir e ctP E Astim ulation w a stastedby addinglOOトLM fo rskolin(Sigm a)inth叩 r eSe nCe Of
1 rrM (班 M X) (Sigm a) o rby addingi m M dibutylγ1 cju 伊(dbcA M P) (Sigm a)fo r20min･
PK A- m ediated phospho rylatio n after G pl
･
Otein-c oupled rec eptol
･
Stimula･tion w astested by
adding aodonistsfo r e ndoge n o u s o rtra n sfe ctedreceptors during20 min asindicated in Fig･
5･
M ic r o s o me s w er epr epa red a sde s cl
･ibed(Bo rghini et all, 1994)a nd Kir6･2 o rS U R Iw er e
il Ⅷ n u11 OPreCipitated(s eJe belo w)I
T he m embr an epreparatio nforthe
I-il" ノitr o
't
pho sphol
･
ylatio n厄
･
om C O S-1 c ells w a s
do n easdes cl
･ibed abov e, eプしC ePt that thelysis bufferdidn ot c o ntail,- β- m erC aptOetha nol o r
pho sphata s einhibito rs a n 〔lthefinalpellet w a s re s u spen
dedin abuf
･
fe AI c o ntaini ng20niMTl
･is-
HCl(PIIT 7.5), 5 mM MgC12, I mM E DTA, 1 皿M I)甘T, a nd 5トLg/1d e{1･Ch oflpJuPePtin-
peps atinっ a nd alltipal n･ 甘he 『KA depe nde nt pho sp
horylatio n w asperfol Ⅶ･ed Lu-der the
- 2 1 -
LLg/血)･ C O S-I c ells w eretr a nsie ntlytra n s
'fe ctedwith wt o r m utatedhu man mr6･2 CD NA plu s
hu m a nS U Rl(4トLga nd lLLg Ofe achs ubu nit
-
fo rbio clh micala nd electl･OPhysilogic alstudie s,
l
･
eSPe Ctively), LISinglipofe cta m加 a nd Opti-M E M Ire age/nts(Life Technologies)orFuG E N E6
(Boeh
~
ringe l
-
), a c c ordingtothe m a n ufa ctu r er
-
sin stm ctio n s･ In s o m e c a s e s, hu m a nso ITlatO Statin
r ec epto rs sTR3CDNA(Ya mada et al･ , 192), GIP r e c epto r CD NA(Yas uda et all , 19 94), o r
P A C A P R-3 CDNA(In agakietal. , 1994) (3トIgfo r e ach)w a sals o c o-tr a nsfe cted into C O S- 1
cells. Tr a n sfe cted 100- n m dishe s wer e splitinto
l 血e e 601 n mdishe s･ Tw o days afte r
tl
･
a n Sfecdo n, o ne dish w a s u s ed fo rbio syllthetic
35s- m etlio ninelabeuing a ndthe tw orem ain lng
dishe s w ere u s ed fo rpho spholylatio nass ay(s ee belo w)･ Fol
'
electr ophysiologicalre c o l
-dings,
c o s-1 cells were plated o ndishe s c o ntalnl ng gla ss c ovel
･
Slips and either wild-ty peo r m utated
lGr6.2 CD N Aand S U R ICD N Aw ere c otra ns
'fected withthe gre en flu o r e scenl: pl
･
Otein CD N A
(PS Rα - G F P, 0･5トLg)asar epo rtergerle･
M etabolic labelling LY･1王d
〟
l
'
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.
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M E N 6c cIZs
c o s-1 cells w el･e m etabolic allylabelled by equilibl
･
ated cellsin Dulbecc o●s modified Eagle
'
s
m ediu m without m ethioninefo r1也 a ndthe ninc ubated in the sa m e m ediu m co ntaln lng
3 5
s-
m ethionin e(0.2 mCi/mi)(Am畠rsharn)fo r18hat37
o
C･ The pho spho rylatio n e xpe,rim e nts were
perfor m ed asfollows:C O S
- 1 or M IN6 c ells w er eequilibrated in pho sphate-f1
･
e eDulbec c ots
m odified Eagle
'
s mediu mfor2handthe nin cubatedinthe sam e mediu m co ntalrung C arrier-fl
･
e e
32p(o.2m Ci/ mi;A m ersha m)fo rtw o addito n al hours at37
o
C･ P 旺A- m ediatedpho spho rylation
afterdire ctP K AtstiⅡmlation w astasted by adding100けM fo rskolin(Sigm a)inthe pres e n c e of
l 血M(LB M X) (Sigm a)o rby adding1 mM dibutyryl CA M P(dbcA M P)(Sigm a)fo r201nin .
p 虹A- m ediated pho sphorylation aftel
･ G pl
･
Otein-c o upled recepto r stim ulatio n w as tested by
addingagdllistsfo l
･
endogen ous o rtl
･
a n Sfe ctedl･ec epto rsduring20min a sirldic ated in Fig･ 5･
Mic ro s o.m e s w e reprepared asde sc ribed(Bo rghiniet all, 1994)and Kir6･2 o rS U RIw e re
in v n un opr e cipitated(se ebelo w)･
T he m e mbL
･
allePrePa ratiol-fo rthe
'.in･ -'itro‖ pho spho rylatio n
lGro m COS-1 c ells w as
clon e asde sFl
･ibed abo v e, e)〔cept that thelysis buffer didn ot c o ntain β- m e rc apto etha r1 0l o r
pho spbata s eillhibito rsandthefin alpelletw a s r es u spended in abu
･fel- C O ntail･11氾g20 n M Tris-
HCl(pld7.5), 5 1T朋 MgCl2, 1 mM E D T A, I mM DTT, and 5トLg/mi ea ch of le tlPePtin,
pepsa血 , a nd antlPa11l･ The PK A depe nde n
t pho sphorylatio n w a speL
･fol m ed ull(e r the
- 2 2 -
fo‖oⅥ′1 ngC O nditio n s:85トLg Ofre s u spe nded mic ro s o m el〕re
･
A3 aratio n. w a sin cl･l･bate,d at3 O
o
C fo r
3 0111ininthepr e se n ce ofloouMj
2
pA TP. a nd20 Uof D ¶-rec o n stihltedbo vin ehe a州】払
c atalytic stlbu nits(Sjgm a)･ The re a ctio n swe t
-
a Stopped by he ating at95
o
C and･ adding SDS
(3.7 %fin al c o nc entratio n)a ndthe nthe samples we l
■
e S ubjected･ toin un u n opr e cipital二io n(s e e
belo w).
nm. m uj7･01W e Cip
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Aliqu ots ofpho spho rylated o l
･
35
s- m e仙血ine -labelled o o cyte bo mogen ate s and C O S
-1 o r
MIN 6 micro s o m e sw ere i m unopl
･
eCipitated by speci
･fic a ntibodie s prepaJ
-
ed agai n st
u n co njugated 24m e rpeptide(amin oa cids364-387)ofthe C-telminalr egio n of m ous eⅨir6･2
or again st 旺L
-hem ocya nin- conjugated 21m el
･
PePtide(amino acids 1563-1583) oftlle C-
te m血 al region Of rat S U Rl･ Im n ul.10PreCipitatio n s w ere peA
･fo me'1 under den atu1
.
1 ng
conditions, r es olv ed by s o s-P A G 正a nd revealed by fluography as de scribed pre vio u sly
(B iguin et all, 19 96)･
RubidE
'
E l m･ eMgEl∬
Rubidiu m em ux in C O S-1 c ells expr esing the wild-type a nd m utant KA T PCha nnels w as
perfo rm ed a sdesc ribed(h agaldet al･ , 1995)I
rFo c o nfim asi mi larpl
･
O tein e 】【pres sion ofthe
cli･ffe re nttra nsfe ctedsubu nits,
3 5
s- m etaboliclabelling w as perfo l
･
m eda sde s cribed abov e･
EIcctr oph･ys D
'
09og3'
Rec o rdings w ere m ade 24-72 ho u rsaftertra nsfe ctio n･ Single
- cha r m el rec ol･dings we re lnade
with apatch
- cla mp ampli
･fierE PC-7(ListEle ctl
･
O nics)a sdescribed(Irlagaldet al･ ,199 5)I The
bath s olutiollC O ntained 110mM potassiu m aspartate, 30mM K Cl, 2 血M MgS O4, I nM
E G TA, 0.084 血 M Ca 12 a nd 10mM M O PS(pH 7･2) at a conc e ntl
･
atio n of free Mg
2+
of O･8
mM . T he pipette s olution c ontain ed 140mM K Cl, 2 Il〕M CaCl2 a nd 5m M M
'O PS(p】H 7･4)I
Expe1
･im ehts w er e perfo r med atro o mtemperatu re(24-26
o
C)I The holding pote nti('d vv a s-
70mV. Befol
･
e e)CPerim e nts,the c ells wereper血sed主nthe baths olutio nfor a
l
tleast30min･ In
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e aCtio n w a sdo n einthe absen ce(la nes 1, 3, 6, 8, 10) orin the pres en c eof 50トLM cAM p
(lan es 2, 4, 5, 7, 9, ll)and inthe absen ce(lanes1-4, 6-ll)orin the pr e s e n ce of 2トLM P 監A
irlhibito rH- 89(lan e5). Auto radiogr aphs of im mun opl
'
eCipitatio n of hu m a nlGr6･2 a化 Sho w 1･
A represe ntative e x a mplefl
･
Om thre esi mi lar rpJSultsis show n･ st, proteins of lw o wn m olec ular
m as(97.4, 66, 4 6,3 0, 14.3 k Da). ni, non -inje cted o ocytes･
耶g. 3. EJ
l
tPreS Sio n of hu man wi 1dtype(wt), 1
'
at Wt, a nd hu m a n m uta ntS U R l in X ell･OPu S
o ocytes a ndpho spho ry王ationinho rn ogen ates upo n stim ulatio n of ceuAlar P K A･ (A) Cellula r
e xpre s sio n of wt and m uta ntS URl in o o cytes･ Co ntl
'
Ol oo cytes witho utinje ctio n(la n e1)o r
inje cted with hu man Kir612CRN Atogether with hu m a n wt(la ne 2), r at wt(la ne 6), o rhu m an
m uta nt (1a n es 3-5) S U R IcR N A･ (岱) Pho sphorTlatio l Of wt and m uta nt S U R l in
ho rnogen a[es. T hepho spho rylatio n reactio n w a sdo nein the absen ce(la nes1,3,6, 8, 10, 12)
o rinthe pre sen c e of 50トLM cA M P(la nes2, 4, 5, 7, 9,ll, 13,14)a nd jnthe abs e nc e(la n es 1-
4
,
6-13)o rinthe pre s e n c e of 2トLM P K A inh油itol
. 朋-89(la n e s5, 1Ll･)I Au[or adiogr aphs of
ilT 皿 u n OPr e Cipitatio n o
.I hu m a n a nd ratS U Rla 托 Show n･ A repre s entativ e eJ
l
は mPlefl
1
0 m thre e
si mi la r r e s ultsis sho w n. st, protein s of kn o w n m olec ular m a ss(97,4, 66, 4 6, 3 0, 14.3 k Da).
ni, n o n-Inje cted o o cyte s･
刑g･ '･A･ EJ
ICPl
.
e SSioJla ndpho sphorylatio n of htl m a n Wta nd m uta ntKATPCha n n elsinintactc ells
upo nPKA stiln ulatio n･([
8:1
,
B)M icro srJrn ala)(pre ssio n of＼JVtI(･ir6･2/SU Rl al-d
■
m山 a nt Kil･6･2
I 30-
s3 72AJSUR IS 1571A KAT PCha nllesinC O,5
'
･ -Ic ells･ Untra n sfe ctpJd c o nt1･
-
01 仁三O S-1 c ells(Ann e
i)o rCOS-1 cellstra n s
'fe cted withwt臥r6･2 a ndwtS URl(larle2･)o･r l mta nt 鮎r6･2 S372Å
andS URISL571(la n e3)CD N A.((C,jD
'
')P'bo spho rylatio n ofwt a ndr
'
tln･ut
l
･a ntKA T PChan nelsin
c o s-1 cells, T hepho spho rylatio nass ay w a sdo n eintb･e abs e n c e of P
■虻JLStim ula屯o rs(lan e s1,
4, 7)o rinthepl.
･
e Se n C e Of 100トLMfo rskolil a nd1mM 王m M X(la n e s2,5, 8)o rinthe pl
.
eS e nC e
oF1 ni MdbcAM P(la n es3, 6, 9). Auto radj.ogr aphs o
ff im m u n oprecipi
'
ca･tio n of･hu m a nK ir6･2
a ncI S U R l(u･e sho Ⅵ′n ･ A r epre se ntativ e exa mple fl
･
O m 仙･e e si mi la r l･e S ults is sho w n･ st,
protein s of kn ow .一皿 01ec ular m a ss(97･4, 66, 46, 30,.14･3 k工旭)I No n
- specific bands(*)w ere
observ ed afte)･･ ilⅥm unOPre CIPユtaLion ofthe phosphoIYlated samples
･Ero m untl･a n Sfected･ 乱nd
Ll
･
allSfectedC
IOS-1 c ells.
lFf
･
Lg･ 5･ Eフ(PreSSio I-a nd phospho rylatiol- f microsom alhu ma n wt a nd m uta ntS URI with
P K A. (A)M ic ro so mal eJl【Pr eSSio nof wildtype(wt)and m uta ntS U R l･ Untran sfe cted c o ntrol
co s-1 cells(la nes1, 2)o rC O S-1 c ellstl
･
an Sfe cted with wt 臥r6･2 and wtS U R IcD N As(lanes
3, 4)or the lTlutan亡 Kir6.2 S372 Aa nd the m uta nt SURI S157 1AcD N As(la n es 5, 6)･ (B･)
pho sphorylatio n of wt a nd m uta ntS U Rl in C O S
-1 c ellsI The "i7 …it'･o 'I pho sphoIYlation ass ay
w a sdo nein the abs e n c e(lanes1, 3, 5)o rin the pl
･
e S enC e(lan es2, 4, 6)ofthe P 旺Ac atalytic
subu nit(20 U/reactio n). Auto radiogl
･
aphs of 山Ⅶユu nOPreCipitation of 加 m a nS U R l<Tu
-
a Sho w n･
A represe ntative e)( amplefr om thl
･
e e Si mi lar r esultsis show n ･ st･ pr o
･mins ofknow n m ole c ulal･
m as s(97.4, 66, 4 6, 3 0, 14･3 k Da)･ No n-spe cific ba n 亡ls ぐ
-:) w e re observ ed afteA"
il Ⅷn unOpr eCipitatio nofthe pho spho rylated s a mplesfr o mun[r a n sfe cted a ndtra nsfected C O S
一九
c ells.
刑g｡ 61 E】cpre s sio nandpho sphorylation ofhu m an wt and m山ant K^TP Cha nlle sin C O S
-1
c ells a nd the KATP Chann els in M m6 cells upo n G protein-c o up且ed re c epto r a rld P ⅨA
stim ulatio n. (A) M icr o s o m ale xpre s sio n of wt Kit
.6･2 a nd m uta nt 温血612 S372A in COS-1
cells. C O S-1 c ells expr e ssin.g e ndoge m o u sβ7Jadrel
'
lergic re c eptor(lal eS9-12) ol
'
e Xpr e S Sing
v al
･ious G -c o upled r ec epto rs: P A C AP re c e.pto r(la nes 1
-4), G‡Pre c eptor(lanes 5-8), o r
s om ato s(aしin re ceptor(I.a n t s13-16)CDNA w as c o
-tl
.
a n SFe cted wit
l
h wt mr6･2 a nd wtSUR i
(la n es1, 2, 5, 6, 9,
I
lo, 13, 14)orco-t.):a･n sfe cted withthe m uta nt mr6･2 S372 Aa nd SURI
s15 71 Ac_D NAs(ほn e s3, 4,7,8,
'
ll, 12).(
1
B':)靴 o spho rylat呈o1
'
i Ofwta ndthe l mlta'nti(ir6･2ill
ー 31 -
陵c o s-I c ells. Thepho sphoIYla亡io nas say w a sdo n einthe absenc eof.
ago nist(la n e s1, 3, 5, 7,
9,ll,13,15)orintbepre s e n c e of8 nM PA CAP
-38(lanes2
L
,
4), 1[iM GIP(la n e s6, 8), 10
トLM epin eph 血e(la n e s10,12)o r50nM s o m ato statin(lan e s14, 16).(C, D)Pho spho rylatio n
of E.ir6.2 a nd S U R lin m o u s epa n c re aticβ- celトde riv ed M IN6c e11s･ T hepho spho rylatio n as s ay
w a spel
-form e clinthe abs e nc eofstim ulato r(la n e1)o rin
.
thepre se n c e of lOOトLM fol
-
Skolin a nd
1lTM 工B MX(1all e2),1 mM dbcA M P(lan e3), o r8 nM P A C A P
-3 8(lane4)･ Autor adiogr aphs
of im m u n opre cipitatiol …f hu m a nlGr6･2(A,B)fr o mtra n sfe cted C O S
-I cells o r m ouse S U R l
(a)a nd Kjr6･2(D)fr o mM rN 6cells al
･
e Sho w n･ A represe ntativ e e 又弧 Ple fro mthe e si mi la r
res ult sis sho w n. st, pr otein s of 血ow n m olec ularm as s(97･4, 66, 46, 3 0, 1413 kDa)I N o n
-
spe cific ba n cls(
*)w ereobsel
･
V edafterim m un opre cipitation ofthepho spho rylatedsa mple sfl
･
0 rn
tran sfected C O S-1 cells and M IN 6cells.
耶g･ 7･ C ha nge sin a ctivities of wt a nd v a rious m
utant KA TP Chan nels befo re and a触 r
applic atio nofthe P 旺Ac atalytic sub mit･ Cu lT e ntr e cordings w
er eobtain edininside- outpatche s
excis ed fl･O mC O S-1 cells express.ing wt Kir6･2 and wtS U R l(A), wtE血6･2 andth告 m utan t
S U R IS 157 1 A(B), the m uta nt Ki;6.2 S372 Aa nd wt SU Rl(C), a nd the m uta nt Kir6･2
s37 2 Aa nd m utantS U R I S157 A(D). The effe ctof P 旺Ao n channelactivity w as eフ(amined in
the sa m e patch fol
･
e ach KA T P Chann el･ 悶olding m embl
-
a n e POte ntial w a s -70 m V･
Representativ e rec ordings befo re a nd at8
-10 min afte rP 旺Aapplicatio n are sho w n･ Right,
relativ e open probability(N Po)l
･
e C O rded at8-10 min;in the abs e n ce(hatched colu mns) o1●
pl
･
eSe n Ce(filled colu m ns)
一
of P K Ac atalytic subunitinthebaths olutio n. n=9-10patche sfo r(A)-
(D).
】Fig･ S･ C hange sinburst a nd clusterduratio n, inte rbu rstinterv al a nd op
en pr obabilitybefo r e
and after applic atio n ofalkalinepho sphata s e(10 U/mi)･ Single chann els w ere o
'
btain ed ininside-
outpatches e x cisedfr o mC O S
-1cells expl
.
e SSing wtKil
･6･2 a nd wtS U Rl(A)･ wt m r6･2 a nd
〔he muta ntS U R l. S1571 A(E2･),tll e血 utant氾r6･2 S372 Aa nd wtS U Rl(tC),the m uta nt K i且
.6･2
s37 2 Aalld m uta nt S U RIS 15 71 A(D). Holding m e mbra ne pot
l
･e ntialw a s -70 m V ･
Repr esel ativ e re c ordil-gSbefo i
･
e a ndat2min afte r alkalin epho sphatas e applic atio n'Tu
･
e Sho w n･
Right,tilTle C o u r se O
･
fthe l
･
elative chan nela ctlvi
.
y(NPo)re col.ded inthe abse nc e(open circles)or
pre s e n c e(fills (Icir cles)ofalkalirlePho sphata s einthebaths olutio n･ n
=7-i1patche sin(A)-(D)I
～ 32 -
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w e co wl) ar e(I,Lh(; effects ofthetw othia 之01idined･ionedeliv ativ es, 亡71
･
Oglita z o n e al-d･pioglita z one,
on A T P-s e n sitive K
小
(KAT P)cll an nelactivities. Pancr e aticβ-celltype a nd cardia cty pe KATP
channels w e rereco n stitute亡Iin C O S-1 cells(S V 40-tr an sfo rm ed A frican gr een m onkeykidn ey
(A G M l(.)c ells)by hete rologo usly eJY.Pr es sing s ulfo nylu r e a l
･
e C ePt Or1(S U R l)phlSK h
'6･2 and
sLl fo nylureal
t
･
e C ePlol
･ 2 A(S U 択･2A)plus Kil
･6･2, r e st) e Ctiv ely･
Troglita z on einhibited[
86R b+]e
.
m uxin bo th KATPChanneltypesin thepl
･
e S e n C e O
･f m etabolic
inhibit:ors, w hich w as confi'
･
m ed by ele ctrophysiologic alte chniqu e s･ T he[
8 6R b+】efflu x
in cl･ea Sed bythe cha lnel ope
･
m e rs dia zoフ亡ide andpinacidilw as abolished bytl
･
Oglitaz one ･ In
contra st, plOglita z o n edidno虹affe ctthe s e cha n n el a ct
･ivitie sin eithertype KA TPCha n】- eL･ 甘hes e
r e s ult:s Stlg ge St that troglitaヱO ne m odulate sthe va riou sce且It-la rfLtn Ctionsin cluding i n s ulin
s e cretio nbyinhibitil-g the KA T PCha n n els, whilepioglitaz on ehas no effe ct on KA TPChann el
a ctivity.
I 4 1 -
礼. Im如･ o (Ru c鹿畳o m
A TP-s e n sitive K
+
cha n n els(K^TP Cha n n els)a re cha r a ctel
･iz ed by a ninhibitio n of chan nel
ope ning whe nthe A TP/A D Pr atio at the cytoplas mic c ells u rfa c eisincl
･
e aS ed(No m a, 1983)I
KATPChann elsplaya nimporta ntl
･
Olein various c e11ulal･ re spo n ses S uch as secretio n a nd m u scle
contl
･
a C[io n
,
bylinkingthe metabolic statu s ofthe c elltoits m embl
･
a n ePOte ntial(Ashcr oft･
1988);theyhav ebee nfo und ih v a rioustis sue sincluding pan c r eaticβ- cells, skeletal m u scle,
b min, a nd v asc ula r and non v asc ulal
･
S m o oth m uscle(Ashford et all, 198 8; Cook a nd Hale s,
1984;Spr uc e et al. , 1985;Sta nden et al一 , 198 9)･ Sincethe discov e ry of KAT PChan nelsin
pa ncreatic b- c ells, the sulfonylu re as,in s ulin secretagogu es widelytlSed as o ral 1-ypoglyc e
･
lTlic
age ntsin the tre atm e ntofctiabetes m ellitus･ ha v ebe e n sho wn toinhibit the activityofthese KA T P
cha nn els(Stu rge s et al., 1985;T rube et al･ , 1986)･ Mole c ula r cloning ofthe high affinity
sulfonylu r e a r e c epto r(S U R)r e vealed it to be a m e mbe rofthe A TP
-binding c ass ette(A B C)
s upe rfami 1y(Aguila rBryan et all , 1995)･ ‡tha sbe e n show nthat classical KATPCharl nels a r e
co mplexe softw o s ubLmits, Kir6･2sub mits, which fo nTlthe K
+
-selectiv eio n channelpo re, a nd
s u 且subtmits, 1
1
eCePtO l
･
Sfo r sulfonylu re as(Sein o,1999);pancre aticβ-c elltype and c ardiactype
KA T PChan n els co mprise Kir6.2 and S U R Isubu nits(In agakiet al･ , 1995;Saktu
l
a et al･ , 1995)
and K ir6.l and S U R 2 A(Inagakiet al. , 1996)stlbunits, respe ctively. T he thia z olidinedio ne
de rivativ es troglitaz on eandpioglitaz o n eare l
･
eC e ntlydev eloped oi
･
auy active hypoglyc emic
c ompou n⊂ls thatimproveirlSulin r e sitancein diabetic r odents al-d inpatie nts with diabete s
m ellitu s(Cia ral dietal. , 1990;Fujiw a r a etal. , 1988;Fujiw al･a etal., 1991;Hofm a n etal. , 1992:
Kem ni亡z et
;
al. , 1994;Kobayashietall , 1982)･ Wehavepreviouslyshown thattroglita z o n eis
c apable of dir e ctlystim ulatingin sulin s e cretionfl
'
O mPan C r eaticβ- c ells, altho ugh itis n otappa re nt
u ntil aftet･ a fe w min ute s(Ma s uda et al･, 1995)I In this stu cLy, w e c o mpal
･
e the effe cts of
tl
･
Ogliatiz o n e a n 〔lpiogliata z o n e o n re c o n stittlte(ipa n cl
･
e aticβ- c elltype a n (ic ardia ctype KAT P
- 4.2 ～
cha n n els, andfindthat whilel
･
r oglita zo meha s al- effe ct,1)1 0glita z o n eha s n o ne, sugge stingth
e
differe nteffe cts ofthe setw o a ntiィIiabetic age nts.
I 4 3 -
2. M aCe 8･違a性s 盈md
'
M如ho此s
2.1. Cellcultu r eandtra nsfe ctio n
c o s-1 c ells(S V 40-tra n sfo ml ed A fricangreen m onkeykidney(A G M K)c ells)w e replated ata
de nsity of2x 10
5
ceusperdish(35m m indiam eter)for single cha n nelanalysis o r3 x 10
5
per
w ell(30m rn6- w ell dish)for【
86R b
+
】efflu x m e a sur e m ents, and c ultLlred in Dulbe c c o
t
s m odified
Eagles m ediu m(D M E M,4500mg凡 glu c os e)supple m ented with 10 % fecalc alfseru m ･ Fol
.
s i ngle cha n n el a n alysュs, CytOm egalovir us
-pr o mote r-driv enha mste rS U R l
- e xpres sion plas mid,
pc M V haSU R l(1.5トLg), Or r atSIU R 2 A- expre s sion pla s mid,pC MVrS U R 2 A(1･5LLg)a nd m ouse
Kir6.2- expl
･
e Sion pla smi d, pC M VmK ir6.2(1･5 p,g), withthe expres sio npla smi d for gree n
flu o re sce nce pro tein (pS RαG F P, 0.05トLg)orpS65 T- C l(Clo ntech, C A)a sa r epo rter ge n e
(Ma rsh allet al. ,19 95), w el
･
e tl･ a nSfe ctedinto C O S-1cells with Lipofectoamine and O P TI
- M E M I
re agents (Li fe Te chn ologie s, In c.) a nd pA d Vantage(0･5 LLg, Pl
.
O mega), ac c o rding to the
instru ctions ofthe m an ufa cttlrer. For[86Rb十】efflux m ea stu･em e nts, pC M V haS U R l(1.0LLg)or
pc M VrS U R 2 A(1.0 mg)a ndpC M Vm Kir6･2(1･0トLg)w ere tr a n sfe cted into C O S- lcells with
Lipofe cto amine andOP TI- M E M Ire agents･
2.2.[
8 6R b']en7LLX m ea Sure ′乃e ntS
Tw odays after transfe c[io n,[
8 6R b]Cl(1 rnCi/ml, Anl e rSham P har macia Biotech, U K)w a s
added infre sh D M E Mcontalnlng10 % fetalcalfs eru m a ndinc ubatedfo r12-24 h. T he c ells
w e refu rthe rin cubated fol･ 30 min at37oC in Krebs-Ringer s olutio n(118m M NaCl, 5.0 m M
NaFIC O3, 4.7 m M KCl, 2.5 m M CaCl2, 1.2 m M KI
-I2P O4, 1.2 m M MgS O4, 20 m M H EP E S,
prT-7･4)c o ntaining1 mCi/ml[
86Rb]Cl witho rwithotlt2･5 mg/miofoligo mycin a nd 1m M of 2-
de o xy-D - gltlC O S e･ Afte r w a shingthe c ells o n c ein[
86Rb+]-fr e eKr ebs- Ringe rsolutio n, with o r
witho ut added m etabolic inhibito r s a nd thia z olidin e clio n e (lel･iv ativ e s, [
86Rb+]e･frlu x w a s
- 4 4 -
m e 匂.S u l
･
ed at37
o
C a spre viously (le sc ribed(Inagakiet al･ , 1995):briefly, the m ediu m w as
re m o v ed at e a ch lim eI) Oil-t a nd repla ced wil
･
･h fresh m ediu m contain i ng■the indicated
c o nc e ntr atio n s oftr oglita z ol-e O rPioglita z o n e, witho rwitho ut m etabolicinl1ibiL
･
o rs･ T he rn ecLiu m
at eachtim epoint w a sco u nted, a ndthe valu e sw el
･
e SLll¶ m edto dete rmin eflu
･
x･ Thedata a re
pre sented･ a sthepe rcentage oftotalc ellula r[
8 6Rb
+
]･ julofthe c u rves a rethe avel
･
ag?Ofl
･
･hre e ol･
m o re丘l-depende nte xpelim entsI Tr oglitaz o ne a ndpioglitazo ne w el
･
e diss olv ed il"lim etyls ulfo 3dde
(D M S O)ata concentl
･
atio n of 100I--M
2.3. Ele ctroph･ysiology
A ftertl･a nSfe ctio n,the c ells w e recultu red
･for48to92 h befor ere c o rdings･ The tl
･
a nSfectedcells
w el
･
e Sele cted by greenflL m r eS CenCe u nde r amic ros c ope(M a rsh al1. et al･ ･ 1995)･ Single cha n n el
r e cordings w e r em adein the eコ〔Cis ed in side
- o ut patch configu r atio ns a sdes cribed(Hami lla nd
sakm a n n, 1981;In agalくj et al. , 1995)･
r
m-e bathsolution c ol-tairled 1 10m M pota siu m a spartate,
30rnM K Cl, 2 m M MgS O4, 1 m M E GV A, 0･084m M CaCl2 and 10rnM M O P S(pH7･2)･
Dipotassiu m A TP(0･00lrnM)w a saddedtothebaths olutio nu nle s otherwise noted･ Thepip
ete
s .1uti.n c o ntain ed 140m M K Cl, 2 m M CaC12 and5r nM M O P S(pI
-I 7･4)･ Tr oglitazon e a nd
pl Oglita z on e w el
･
e dis s olv ed in D M S Oat a con centratio n of3 00rnM , andthe ns u･spended in the
baths olutionbefo reuse. Reco rdings w er em ade at20-22
o
C
･ 4･5
･
3. 汲c s Ⅶms
The[
86
R b
+
】effluxfr o mCO S- 1 c ells c otr a n sfected withSURl and Kir6･2 isgr e atertha nthe
em u xfro mtho se tl･a n Sfe c亡ed with ve cto r alo n einthe absen ce o rpl
･
e S en Ce Of m etabolicinl1ibitol･S,
indic atingthat the efnux repl
･
e SentSthe a ctivityofthe KATP Channels(Fig･1)･ Tr oglita z o n ehad
a ninhibitory effect on[
86R b+]efnuxfrom C O S-1 c ells c otr a n sfe cl:ed wiT･h S U R la nd Kir6･2･
KA T PCha nnelactivity w asdecre ased by30LLM a nd lOOトLM(data n otsho wn)tr oglitaz one,inthe
absenc e(Fig.1 A)orpreserlC e(Fig.1 B)of m etabolicil血ibitors･
T he[
86
R b
+
】ef･flu xfro m C O S-1 cells c otr an sfected with S U R 2Aa nd Kir6.2 isgr eatertha nthat
fr om sha m tra n sfe cted C O S-1 c ells onlyin the pr ese nce o
'f m etabolicinhibitors, sho w ingthat
S U R 2AKir6.2 chan n els are>clos ed in their abse n c ein C O S- 1 cells. T he ef
.feet oftl･Oglita zo ne
w as, the r efo re, e x amin ed on[8 6R b']efflux fro mC O S-1 cells cotr an sfe cted with S U R 2 Aa nd
Kir6･2 in the pl
･
e S e nCe Of m etabolic inhibito rs. [8 6R b'] efflu x thr o ugh the re c o n stif.uted
SU R 2 A侭ir6.2 chann els w asi 血ibi【ed by aslittle as3叫M oftroglita z on e(Fig. 2).
pioglita zon edidn otaffe ct【8
6R b+]effluxthro ugh KA TP Charl nels ofeithe rthe panc r e aticβ- c ell
type ol
･ theiC ardiac ty pe(Fig. 3).
Pan cr e aticβ- c elltype andc al･diactype KA TP Channelactivities a r einhibiL･ed byglibe ncla mide.
10トLM o r3 0トLM troglita z one augm e ntedthe s ubm a】⊂im alinhibito ry effects of 3nM ol
･ 1トLM
gliben clamide on pancre aticβ- c elltype and cardiactypeKA TPChan nels, r espectively(Fig. 4). In
ad dito n, tr oglitaz one(10トLM or
~30LLM)abolishedthe stim ulatoryeffe cts of dia zo xide(2 00トLM)
andpina cidil(200トLM)o npa n cl
･
e aticβ- c ellty peand cal･dia c
`
type KATPCha nhels, respectiv ely
(Fig. 5)I
Troglita z o n einhibited a ctiv lty OfKATP Cha nnels r e c o n stitutedfr o nlS U R lald Kir6.2 at
c o n c e ntratio n s of 30LLM , 10JIM (data n otsho w n), ald300トLM (Fig. 6 A). Single cha nnel
c o nducta n c e w as n ota
-ffe ctedbythetr oglita z o n e applic atio n(Fig･ 6A). T heinl曲ito ryeffe ct of30
- 4 6 I
トLM tr ogljta z o n e w as abolished･soo n aff
1
.pJ7.
I
W a sho utofthe 〔lrtlg(Fig. 6A - a). Exte n sive w a sho ut
ofthe cl･rug w a s 1
-
equil
.
ed fol･ fttlll･e C O V e ry Of cha n n el a cLivlty afte r applic atio n of 300LI･M
tl'Oglita z o n e(Fig･ 6 A-b)･ Simila rly,tl
･
Oglitaz o neinhibited activityof KAT7, Chan n els r e c o n s亡itLted
fl･O m S U R 2 Aand Kj.r6.2 at co nc entralニio11 Shighertha rl100LLM (『ig. 6B).
-
In c o nl･.l･a St tO the
ef･fe ctoftroglita z o n e, pl Oglita z on edj･d notinhibitKA T PCha nnelactlVlty a[c o ncentrations upto
300トLM in C O S-1 cellstra nsfe cted with eith.er S U R Iplu sKir6.2(Fig. 6 C)or S U R 2 Aplus
Kir6.2(Fig. 6 D)
I 4,7 ･
4_ R)壷s c 仙S S這o m
W eha v epre vio u slyr epo rtedthat tr oglitaz o n e stim ulate sin s tlin se cr etio nfrom pa n cl
･
e aticislet
(Mas uda etall , 1995)･ hthis study w e sho wthat theins ulin otr opic effectoftr og山1:a ∑o n e, atle a st
in pa rt, m ay be inhibition of pancreaticβ- c ellty peKA TP Cha n n els. [8 6R b+】 efflu x a n 亡l
electrophysiologlC alchar acte･rizatio nusi ngC O S-1 cellshe･ter ologous!y e xpr es sing SU R1p･lLIS
Kir6･2 andS U R 2 AplusKir6･2 show sthat tl
･
Oglitaz on ebut n otplOglitaz o neinhibitsthe activity
of bothtyJ) eS Of KATPCha nn el･ These l
･
eSultsa re c o rlSistentwith repo rts that trogliL
･
a z oneinhibits
cha n nel activityin Ca rnb rige l
･
atirlSulino m a- G l(C R トGl)in sttlin -sec l･eting cells(Lee et al. ,
1 997)a ndin n e u l10n Sin the v an(ro medial hypo thalam us(Le e andBoden , 1997). T he initial
e x amin ation ofpa n c re aticβ-ceutype KA TP Cha ru . ela ctivityir'thepr es e nc e oftroguta zo nefailedto
sho witsinli bit ory effe ct, alhoughtroglitazone has aputativ en o n- co mpetitiv ebind ing site atthe
sultonylu r e a re c eptor(M as uda et al., 1995).
T hethiazolidin edionederiv ativ esha v ebe e n show n tobindattheligand-bindingdo m ail" fthe
pero xis om alprolife r atol
-
-a ctiv ated re c eptor-gam m a(P P A Ry).(Bergeretal. , 1996;Fo m a n etal. ,
1995), s oit se e ms u nlikely that activatio nof PP ARγshould befollo wed byinl1ibito110f KAT P
chan n elactivity･ since plOglita z o ne, anothe rthia zolidinedl:o n ederivative als oa ctiv ate sPP A Ry･
Re cently, O htanietall reportedthatpioglita z o ne stim ulaL
･
e sinsulin sec retio nin ham ste rβ- c ell line
(HIT- T15)byinducingCa
2+innu x(Ohtaniet al･, 199 6)･ Taken together,the sedata stlgge St that
thethia z olidinedio n ederiva亡iv e s c ould have sever altargetprotein sin cludingthe KÅTP Cha n n elsin
pa n cl
･
e aticβ- c ells.
In heart 紬d skeletal mus cle, the openlng Ofthe KATP Chan l
･
1els.has beenimplic ated jn the
shorte n王ng Ofthe a ctio npote ntial duratiol- a ndthe c ellularlo ss of K+dLl･1ngis chemia, hypo xia,
and othe r m etabolicin sults
,
a nd le adsto cytoprote ctio n a nd v asctl ardila亡ation(甘e r zic etal. ,
1995)･ T heinhibitol･yeffe cts oftr oglita zo n e o nI(A TPCha nnela ctivity, 血el
･
efo re
,
co uldadv el･Sely
- 4 8 -
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･
ed-
.
lCtio n ofATPin car(Mac
a nd. skeletallTILS Cles.
･ 4 9 I
取甜eB･ 庶流C C S
Aguila r arya n, L･ , C･ G･ N ichols, S･ W ･ W e chsle r, J･P･t･ Cle m e
'
nt
,
A ･E･ Boyd, 3r(l, G.
Go n z alez
,
H･ llerreraSo s a, K･ Nguy, J･ Bl
･
ya n a nd D･A ･ Nels on, 199 5･ Clot-1咽 Ofthe
beta cell high- affin ty sulfo nylure a rec eptor: ar egttlato r of in s ulin s ecretion [s e e
c om m ents】. Scien c e, 268, 423-4 26.
Ashcroft, F･ M ･ , 1988･ A denosine 5r -tripho sphate- se nsitive potas siu m chan n els･ An n Lt Rev
Ne uro sci
,
1l
, 97-118.
Ashfol.a, M IL･ , N ･ C . SttlrgeS S, N .I. Tro ut, N.I. Ga rdn e r anda.N . Hales, 19 88. A de no sine-5
t
-
triphospha[e -se n sitiv eiol- Cha n nelsin n e o n a亡all･atCultured ce ntr aln e ur on e s･ Pflugers
Arch, 412, 297-
rT
304.
Be rge r, J･ , P･ Bailey, C･ Bisw as, C･ A･ Cullinan, T･ W ･ Do ebber, N･S･ Haye s, R･ Sape rstein,
R ･G ･ Smith and MI D･ Leibo witz
･
1996･ T hiaz olidin edion e spl
･
Odu c e a co nfo m ation al
cha nge in pero xis o m alpr olife ratol
･
- activ ated re c eptor- ga mm a: binding and a cL
･iv atio n
co IT elate with a ntidiabetic actio n sin db/d bmice･ Endocrinology, 137, 4189-4195.
Cial･aldi, T･P･ , A ･ G ilm ol･e, J･ M ･ Olefsky, M ･ Goldberg a nd K･ A. Heiden reich, 199 0. ‡rl Vitr o
studies on the a ction of C S-04 5, a ne w a ntidiabetic age nt･ Metabolis m, 39, 1056-1 062.
Cook･ D･ L･ a ndC･ N･ Hales, 1984･ Intl･aCelhtlal･ A T P dire ctlyblocksK+ chan n elsin pan c r eatic
BI Cells. Nature, 311, 27l-273.
Form an, B･ M " P･ To nto n o z, J･ C hen, R･P･ Bru n･ B･ M ･ Spiegelm a n a nd R. M . Eva n s, 19 95.
15- De o xy-delta12, 14- pro s亡aglandinJ2 is aliga nd fol
･the a 〔lipo cytedetelmil atio nfa ctol
･
P P A Rga m m a. Cell, 83, 803-812.
Ftljiw al●a, T･ , M ･ W ada, K･ Fukuda, M ･ Fukami, S･ Yo shioka, T. Yo shioka a nd H. Hol･ikoshi,
1991･ C hal･a Ctel･iz ation ofCS-045, a n ew o r alantidiabetic age nt,ⅠⅠ･ Efe cts onglyc emic
～ 5 0 -
c o ntr ola nd pa n c l
･
e a【ic islet stR･しIC[t"･e at alate stclge Ofthe diabetic syn(ll
･
O m ein
C57B L促sJ-db/(lb mice. Metabolism ,4･0, 1213-121B.
『ujiw ara, T･ , S. Yo shioka, T･ Vo shioka,Ⅰ. Ushiya m a a nd H. Horiko shi, 1988. C ha ra c[e riz atj.ol
of new o rala ntidiabel:ic aB
.
t ntC S-045･ StLtdie sin KK and ob/ob mic e a nd Zuckerfatty
rats. Diabete s, 37, 1549-158.
Hami ll- 0･P･ a nd B･ Sakm anl-, 1981･ ML-1tiple condu ctanc es一at:es ofsingle acetylcholine l
･
e CePtO r
cha nrlelsin e mbryo nic 血u S Cle c e山s. Natu l
･
e, 294, 462-464.
Hofm a n n, C･A･ , C･ W ･d･ E〔lw ards, R･ M ･ Hillm a n a n (IJ.R. Colca, 1992. Tr e at
･
m e nt of i11Sulin-
r e sitantmice withthe oralal一tidiabetic agentplOglita zon e: e valuation ofliv e rG L U T 2and
pho sphoerlOIpyl
･
u V aL
･
e c a rbo〕〔yldnas占e xpl
･
e S Sion ･ Endoc rin ology, 130, 735-740.
In agaki, N･ , T･ Go noi, J･P･t･ Cle m ent7 N･ Ma mba, J･ Il- a Za W a, a . Go n z ale z, L･ Agtlila rBryarl,
S･ Seino a nd J･ Brya n, 1995･ Re con stitt-lion of IK A TP: anin w a rd r e ctifie rsubu nitplu s
the s ulfonylure a rec ptor[s e com m ents]. scie n c e, 270, 1166-1170.
Inag
･
aki, N･ , T･ Go noi, J･P
･
･ Cle ment, C
I
･Z･ W a ng7 L･ Aguilal
･ arya n, J･ Bl
･
yan a nd S. Sein o,
1996･ A fa mily ofstlfo nylu r e a I
.
e C eptOrSdetermin esthepha n n ac ologic alpl･ OPe rtie s of
A T P-s e n sitiv eK+ chall n els. Ne tron, 16, 101ト1017.
Ke m nitz, J･ W ･ ･ D ･F･ EIs on, E･B･ Roe cke r7 S･T･ Ba um 7 R･N･ Be rgm a nand M･D･ Meglasso n,
1994･ Pioglitaz on ein cl
･
eaS e SinsulirlSe nsitivity, re〔lu c esblo odgluco se,ins ulin, and lip d
le vels･ and low e rsblo odpresstl陀 ,in obe se,insulin -resistantrhesus m ol-keysI Diabete s,
∠l･3
,
204-211.
Kobaya shi, M ･ , M ･ Iw a nishi, K･ Ega wa a nd Y･ Shigeta, 1992･ Pioglita z onein cre a s e sins ulin
s e n sitivltybya ctiv a亡1ngI nsulin re c eptol
･1dn a se･ Diabete s, 41,476-483.
Le eっ K･ a ndP･ Bode n･ 1997･
r
n･oglitaz o neinhibitstype2 KAT PCha n n ela ctivltya nd depolarise s
iolb･uta mide-s e n siti･v e n e u ro n e simthe ratve ntr o m e 〔lial hypothala m usI Br ain Re s, 7 51,
165- 168.
～ r)i ･
Le e
, K. , T. Ibbots o n, P.I. ruchal
･ds o n a nd P.A. Bode n, 1996, Inhibitio n ofKA T Pcha n n el
a ctl Vltybytl
-
Oglita z o n ein C RI- G l in sulin-sec r etlng Cells. Eu rJ PhalⅦ aCOl, 313, 163-
167.
M a rshall, J" R･ Molloy, G ･ W ･ M o ss, J･ R･ Ho v e a nd T.E. Hushe s, 1995. Thejellyfish gr e en
仇10l･e SCentPr otein: a n e wto ol for studyingi on Chan n ele xpres siorl andfunctio n･ Ne u r o n,
14, 211-215.
M asuda
,
K ･
,
Y ･ Oka mo亡o, Y. Tsu u ra, S. Kato, T. M iur a, K. Tstlda, H. Ho rikoshi, H. Ishida
a nd Y･ Seir10, 1995･ Effe cts of Tr oglitaz on e(C S-045)o nin sulin secretiollinis olated r at
panc re aticislets a nd HITc ells:a nin stllinotropI C rn e Chamim distinctfrom glibenclami de.
Diabetologia, 38, 24-30.
Nolall
,
J･J･
･
B ･ Ludvik
, P･ Be e rdse n, M ･ Joyc e andJ･ 01efsky, 1994･ Improv e m entin gluco se
tole l' a nC e a nd in sulin r esista n c ein obe s es ubje cts treated with tl･Oglita zone [s e e
c o m IⅦ entS】. N Engl ∫M ed, 331, 1188-1193.
Nom a, A ･ , 1983･ A T P-r egulated K+ cha nn elsill C ardiacrn u scle. Natu re, 305, 147-148.
O htarli, K･ , fI･ S hi mizu ･ Y･ Ta n aka, N･ Sato a nd M･ Mori, 1996･ Pioglitazo ne hydrochloride
stim ulatesins ulin se c r etionin HITIT 15cellsbyinducingCa2十innu x･ J Endocrinoi, 150,
107-11 1.
Sahll･a･ H " C･ Bo nd, P･ M ･ W arren･ S･ Ho rsley, L･ Keal
･
ney, S･ Tucke r, J. A delm a n, R. Tu r n e l･
and F･ M ･ Ashc ro･ft･1 95ic ha ractel･izatio nand v al･iation ofahu manin w ardly- r ectifying-
K -cha n n elgene(KC NJ6): aputative A T P-s el-Sitiv eK-cha nn els ubu nit. F E B S Lett
, 367,
193-197.
Sein o, S･ , 1999･ A T P-s e n sitive potassiu m cha n n els:a m odel ofhe【ero m ultim e ric pota s siu m
cha n n el/re c et･tor a se mblie s･ An n uRe vP hysiol,61,337-362.
Spr u c e, A･ E･ , N ･B . Sta nde n a nd P･ R･ Sta nfield- 1985･ Voltage-depe nde nt A TP-sen sitive
potas sium cha n n els ofsl(eletal m tlS Cle
･
m e nlb.a n e･ Nature, 316,736-738.
-
.
r :)
'2 ～
Sta ndel-
,
N･臥
,
JIM ･ Qu ayle, N･ W I Da vit s, J･E･ Bl･ay｡]e n, Y･ 臥 an.g a nd M:T. Ne)so n, 1989.
Hypell) Ola rizl-g Va S Odilato rs a ctiv ate A T P-s en sitiv eK+ chall nelsin a rte rials m o otll
m u s cle. Scie n c e
,
245
, 177-180.
Stu rge s s, N･ C･ , M ･L･ Ashfol
･d
･ D･L･ Co ok a nd C
･
･N ･ Hale s
,
1985･ Tle S ulphol-ylt11
･
ea r eCePtOl
･
m aybe anATP-sen sitiv epotassiLun Cha n el･ Lan c et, 2,474- 75.
甘e rzic, A ･ , AI Jaha n即 al-d Y･ Kul
･
a Ch;
, 1995･ Ca rdiac A TP- sen sitive K+ channels: regulatio nby
intr ac e11ular nucleo tides al-dK+ chal u el-openingdl11gS･ A m ∫Physiol, 269, C525- 45.
r
Fr ube
,
G･ , P･ Rors m a na･nd 甘･ O hn o Sl- os aku, 1986･ Oppo site effe cts oftolbutamide a nd
diaz o xide om the A T P-depe l-de ntK)
-
chan n el in mouse pancr e atic beta- c e11s･ PntlgerS
Arch
,
407
,
493-49 9.
-
.
r:
)3 I
耶g肌n
.
a mCge 肌ds
Figu l
･
e 1･ T he effe ctoftroglita z o n e oll[
86R b
+
]effluxfr o mC OS. l lc ells c o e ,(pre s singS U R la nd
Kil･6.2. Ba s aleffhlXfro mC O S-1 c ellstra n s
･fe ctedpC MV 6c alo ne(c r o sse)and S U R Iplu sKir
6.2(open cir cle s)inthe absenc e(A)orpre s e nce(B)ofm etabolici nlーibito rs･ The c ells expre sing
KA T PCha n nels we reincubated with 1uM(close〔lcircles),3LLM (ope nsquar e s),10LLM(clo sed
squ ares),3 0トLM(open tria ngles), and lOOトLM(clo sedtria ngles)I Sinc ethe datapoints a re tightly
cltlSte red,the symbolsha v ebe en offset±1o r2 min utesfor clality･
Figu re 2. T he effe ct oftl
･
Oglita z o n eoil[
8 6R b+】 e･m uxfl･O m C O S-1 ceus c oexpr essingSU R 2 A
and K ir6.2. Ba s al efflux fro m C O S-1 cells tl
･
a nSfe ctedpC M V 6c alone(cro s ses)a nd S UR 2 A
plu sKil
･6･2(ope n cil
･
Cles)in thepl
･
eSenC eOf m etabolicinhibitol
･
SI The c ells expr essing KA T P
cha n nels w er einc ubated with lトLM (clos ed circle s), 3LLM (ope nsqua res), 1 0トLM (clo s ed
squares),30LLM(ope ntriangles), and 100p･ M(clo sedtria ngles)･ Sin c ethedatapoints are t
ig
'
htly
clustered,the symbolshave beer mffsetj=1or2 minute sfor clal
･ity･
Figure3･ The effe cts oftl
･
Oglita zon eandpioglita z on eo nKA TPCharu le s re c o n stituted fro m S U R I
plu sKir6･2 o rS U R 2 Aplus Kir6･2･(A, B)Relative v aluesof[
8 6R b
+
] efflu xfo r40 min fr o m
c os-1cells coexpl
･
eS SingS U Rlp us Kil
･6･2(A)and S U R 2 AplusKir6･2(ち)w 仙 theindic ated
co n c e ntl
･
atio n s oftr oglitazo ne(open c olul m S)orpiogli亡az on e(clo sedc olurm s)intheprese nc e of
m etabolicinhibito rs. Valu es are expre s s eda s m ean s±S･E･M , relativ etothe[
86Rb
+
]efnu xfr o m
c o s-Ic ell盲witho ut tr oglita z o ne ol
･
P10glita z o n e･
Figu re4. The ef
･fe ct oftt･oglita z o n?o nKA T PCha n n elspa rtiallyinhibited by gliben clami de･(A, B)
Relative valu e s o･f
'
[
8 6
Rb
+
]efflu xfo r40 minfr o mC OS-1c ells c o e xpl
･
e S Si･ngS UR Iplus Kir6･2
- 5 4.
-
(A)a nd SUR2 Aplu sKit
.6･2(B)withot･ witho ut theindic atedc o n.centrati.o n s oftr oglita z o n e(A,
3 0トLM;B･, 10LLM)a ndgJ･ibe n clami de(A,3 nM;a, 1トLM)inthepl
･
e S e n C eOfm etabolicil止ibitol･S.
Data a r e苧ive n a s m e ans± S･E･ M ･ , relative to the[
86R b
+
]efflu xfl･O m C O S-1 c ells withoL甘t
tl･Oglita z o n e an.dglibe n clami de.
Figu r e5･ T he effe ctofl
'
r oglita z o ne o nKATPCha n n els a ctivated byKA T PChannelopeners. (A, B)
Relative v alue s of[
86R b+]em u プ亡fol1 40 min fr o mC OS-1 cells co e'亡ln
･
eS Sing
･ S U R Iplus Kir6･2
(A)a nd S U R 2 Aplu sKir6･2(B)witho l･ withouttheindicated c ollCe ntratio n s oftrogliL
･
azon e(A,
30LLM;B,10トLM)alldthe KA T PCha n n elopenel
･ diaz oxide(A,200トLM)orpina cidil(B,200LLM)
jn the absen c eofm etabolicinhibit ors. Data a regiv en a s means ±S.E. M . , l
･
elativ et o the[
8 6R b十]
efnLIXfro m C O S-1cells witho ut troglitazone a nd KA T PChal朋1 elope n e rs.
Figu r e6･ ElectI
･
OPhysiologic al l
'
eC O rdingsfro m CO S-1 c ells expr essing re C O nStittlted KA T P
cha n n els･ (A, B)T he effe ct s oftroglita z o n eo nKATP Cha n nelculTentSin C O S-1 c ells expr esing
S U R Iplu sKir6.2(A)o l
' S U R 2 Aplus Kir6.?_(B). Troglitazon einhibitsS UR l/Kir6.2 chann el
c u rr ents r evel
'
Sibly at a c o nce ntl
'
ation of 30L･LM (a)or300トLM(b). (B)Troglitaz on einhibits
S U R 2 A侭ir6･2cha n nelcun
-
a nts atcon c e ntrations oflOOトLM a nd30トLM..(CandD) (C, D)The
effe ctofpioglita z o n e o nKA TP Chan n elcu 汀entSin C OS-I c ells expressingSUR lplusKir6.2(C)
orS U R2 Aplu sKir6･2(D)I Pioglitaz o ne show s n o appal
.
entinhibit ory effecton tll eSe Cll a n rlels.
The re c o r (lings w ere m adeil theinside- o ut c o nfigu ration ofpatch-cla mptechnlqLle. T he
ho riz o ntal bar s a nd nu mbersindic ate applic atiorl pel
･iods of A TP,tl
･
Oglitazone andp10gli【a z o n e･
Calibl･atio n s are sho w nin e a chpa n el. T he statein whichauthe cha ru-els al
･
e Clo sed is l･epl
･
e Sented
bytl-e sylⅥboI C･
･ 5 5 -
Fig. 1 且
･
3 O 20 3 0 4 0 5 0
Tim e(Min)
･
p<o･o 5v s0 m M tr og=ta z o n e･
鮒
p<0･0 0 5v s0 m Mtroglita z o n e
I 56
-
Fig｡ 1B
)1
J j-{
L- - ;･ i:
/
:
(
%
)
v-
n
≡
a
+
q
∝
9
8
.
I
_ l ■ 一 ■- -
- PI- P V ▲
∴
. :
[
T
{
.
(
_
:I.
_ '･E
. I
:,
i,
"
i
I
II
/ 省三 - -
- - ぎ
☆
i: r
一
一 与 -
∫
-
- -:;三
;･･ AA M ･r LA . - ･ -r1 - 醐 称『- 伽 tA u 御 伽 …!ld ■ 恥 ● 州 ◆
●-■- 一1
y 仙 ■■ 巾 ▲-J W - V Pb
T " J～ rL4 y J
… 仙 】■L b ､ 一¶ " 脚 一` 一 叫 仙 'W'q｢Ⅰ仙 仙 仙 … u ''d 'lP仰 一 叫 れ V d ､. " AA '1.I
l O 2O 3 0 40 50
Tim e(Min)
☆
p<o.0 5vs 0 m Mtroglita z o n e,
'
'
1 *
p･く0.00 5v s0 m M trog)ita z o n e
I 5 7 .
Fig. 2
(
%
)
x
n
篭
+
q
∝
9
g
Tim e(M in)
☆
p<o･o 5v s0 m Mtr ogfita z on e,
* *
p<0･0 0 5v s0 m MtrocJ=ta z o n e
･ 58 ･
つ
J.ーnど
･
ュ
一F
A
B
x
n
宏
a
+
q
正
9
9
a
N
}
e
l
a
u
X
コ
≡
a
+
q
∝
9
9
a
^
竜
一
a
∝
0
0
エー
t
T
.
.
.
,I
_.
,
.
.
_
ソ
√
主
t
..
.
.
:
_.
_
.
り
虹
儲
虻
鞍
既
折
腰
l
雲｢
0 1 3
-
10 30
旺讃troglita zo ne
劉 piog(iL
'
a zon e
(LLM)
'''
p < 0.0 5v s0Ll.M ⊂lrug
m troglitaz o ne
3 0
帥
脚 piogLitazo ne
A
p<0･05 ,
* *
p<0 ･01v sO 卜M d]
･
ug
-
t59 I
.汁_ど
･
⊥甘⊥
A
1.5
x
コ
≡
a
+
q
∝
9
9
a
!^
1
q
a
u
0
3 0LtM troglitazone
｢二
~ ⊥ ~
iiij5
r =
+ +
3 nM g他 e ncJa mide -l- +
*
p < 0.0 5
B
x
コー
u
a
+
q
∝
9
9
e
!^
1
e
l
a
∝
1 0LIM t
･
rogtitazone ･ + +
1トLM cJlibencla mide + +
☆
p < 0.0 5.
州
p < o.o o 5
- 6 0 -
L
L
.
1ど
･
r
lF
<L
X
n
J
i
l
E
)
十
q
∝
9
∽
a
^
芯
e
一
a
∝
n.S .
.A.
F
t
= ｢
Ir
一 叫 仙
3〔り仙ITroglitazone + +
2 0 0LtM Diaz o)(ide
-
B
x
n
J
#
a
+
q
∝
9
g
a
^
董
a
u
+ +
*
p < O.05
10トLM trogfita zone + +
2 0 0LLM P in a cidil + +
*
p < 0.05
･ 61 -
6 2
｢
州
凹
芝
∈
叩
臥
j
7
V
楓
謎
.
{)
m
'
0
L
(
.
,
w
.
し
モー
_
ぐ
ぷ
L
u
Z,
芝
L
u
〔
T
ju
ト
.
T.
I I
a
u
e･･
M
盟
岬
芯
o
…
d
刑
.
望
…
蟹
V
8.
t
d
コ
S
.
m
_
(
i
N
王
..
)
i
J･
u
l
･
･･ J
･
J
!,(.
u
.
･ I.I L
'
J
!
(
LL
>
-
a
]
j
O
諾
叫
仰
芯
望
d
?;
9
･
…
仰
1j
j
i
' .
i_
L
i
l
(
〟
｡
;
A
コ
コ
⊂
1
‖
-
.
-I
t]
I
t
ri
!
l
. [
h
f
冨
)
≡
f
f
享
g･
t
i
u
j
m
8
.
8
a
u
e
)
N
避
愚
o
j
叫
琵
E
i
m
i
.
V
芝
L
u
㍗
m
i
吋
郎
u
O
N
t
e
i
ニ
5
o
缶
州
.
9
]
道
議
N
u
コ
S
.
孤
a
･
u
c7
N
叩
還
5
o
古
川
.
9
]
. i
-
3
i
_
I !
!･
･
.
:･
-;i .
.::
S
･
9
.
B
諾
ー
.-
ー
ー
ー
～
-
1
-
-
≡
-
-
-
-
l
l
-
-
-
-
-
---▲
ー
~
･
-
〟
仙L
h
ト
p
'
u
甘地e e
･EFcc触 甜 旺Å跡-且229, 訊
●
m c w創m舶- 批 胸腔加 齢礼帽, 0 班.
A甘P-sem s紬瓦vc 旺
+
cR･A a m m e且s co 叩 m 馴喝 旺 舶 巾2/ 効m成
● O
S 町取乱,SU取2 A抑 SU R 2B
AI_wdl rald:
･
.
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the A TP-s e上-Sitive K
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-6･2/S U R2A,
,
a nd Xjr6･2/SU R 2 B)
r e co n stitutedi
･
n C O S-1 c ells w ere a)〔amin ed. Single cha nnel an a一ysis sho wed that
拡A D-1229 inhibits Kir6.2/S U R Ichan n el c ulTentSin ado se -(1年pendeJlt ma n n er(I C
'
50
=
7.1 nM),butdoes notinhibit signific a ntly either the Kil
'6･2/SUR2 Ao rⅨjr6･2/S U R 2 B
chan n el c u rre nts e v e n at high do s es (m o r etha n ]･O LLM)I Binding e叩 erim e nts of
s u R lexpre sed in C O S-1 c ells revealed that 旺A D
-1229 inhibits the binding of
[3H]glibenclami de to S U R l(IC5.V alu e, 280nM), sugges亡ingthatK A D- 122 9sha r es a
bindingsite withglibe n clamide･ Insulin respo n ses togluco se, K ÅD
-1229,tolbut amide,
a nd glibe nclami de in M ⅠN6 c ells after chr onic K AD
-1229treat me nt w e resi mi 1a ･ tO
tho se afte rtolbutami detreatm e nt. These l
･
eSultsindicatethat, similarlytotolbuta mide,
旺A D-129 is highly specific to the Kir6･2/S U R Ico mple x, i･巳 ･ , the pa n c r eatic β- c ell
KAT PChat- n et, a ndsuggest thatK AD
-1229is aclinic allyu sefula nti-diabeticdrug.
Key W ol
･ds･. K^T｡Cha n n el;s ulfo nylurea r e c epto r(SUR);KA D-1229
-
, in s u
'
lin se c r etio n;
s e c o ndaryfailure;desensitiz atioll
I 6 3 I
丑.Imh･odu c正志o m
A TP-se n sitiv eK
l'
(K^TP)cha n n eユs o c cu rin m a ny tiss u e s･} il- Cluding pa n c re atic β- c els
(co ol" ndHales, 1984),heal
-i(Nom a, 1983), v a s c Llla r s m o oth m u･s cle cells(Sta ndel "i
al.
,
1989), 弧d othertiss u e s(Ashfol
-d et al･ , 1988;Spru c e etall , 1985). KA TPChan n els
play a nimporta nt l
･
01e in v arious c ellular r e spo n s e s s u ch as secr etio n and m u scle
c o nl
･
r action by linldngr c ell m etabolis m to me mbrane potential (Ashcroft, 198 8)･
Clas sicalRAT,Chan n els ar en o wkn o wn to co mprise tw o Subunit m ole c ules:thel
rJr6･2
s ubu nits thatform the K
'
-selec tive ion chan nelpol
.
e
,
andthe S U R(S U R lor S U R 2)
subtmits, the r e c ept or of sulfo nylure as (Aguilar- BIYa n et al･ , 1998; Ashc roft and
G ri bble, 1998; Seino, 1999). Co - e xpl
･
eS Sion of Kir6･2 and S U R l in hete rologous
eブ【p1
･
eS Sio n syste ms fonns K^ T,Cha n n els with pr operties si mi 1ar to tho se in n ative
panc reaticP- c ells(Inagaki et al･ , 1995;S alcura et all , 1995)I V ario u sfo m sof S U R 2
have be e nidentified(C hutkow et al. , 1996, 199 9;In agal det al. , 1 996;Iso m oto et al. ,
199 6). It is ge n er ally a cc epted thatlGr6･2/S U R 2 Acha nn els for m c ardia c a nd
presu m ably skeletal m uscle KATPCha n nels(Aguilal
-
-Brya n et all, 1998; Ashcl
'
Oft and
Gri b ble,I 1998;Sein o, 1999). Altho ughit w a siniti ally pr opo s ed-that Kir6.2/SU R 2 B
cha n n elsfo m s m o oth m u s cle K^ TPCha n n els(Is o m ot et al･, 1996), S U R 2Bc o upledto
IGr6.1, w e relater stlgge Stedtobethe c o n s亡itu e nts ofthe v as c ulal
'
S m O Oth m uscle KA TP
chann el(Ya m ada et a]., 1997)･
The KAT｡Cha n n elsinpa n cl
･
e aticβ-c ells ar e c山ic alinthe r egulatio nofbotllglu c o s e-
- 6 4 -
indu c ed a nd sulfo nylure a-in 亡lu c edin s ulin s e ct
-
etj.o n s(M ikieL al･ ･, 1998)･ T hebin (ling
ofsu]fo nylu r e a sto SU Rllm bablyinhibit:s亡he c o ope rativity ofthe n u c】e o〔ide biding
folds(NB F卜1 a nd - 2 of S UR l, w hich indu c e sthe clo s ed state ofthe KA TP Cha n ne]･s
(Veda et al., 1999)I Re c ently, the n on-s ulfo nylu reail S ulin otr opic agent m etiglinide
als ohasbe el Sho w n toinhibittheβ- cell KÅTPChann eユbybindingto S UR l(Gribbユe el:
al.
,
1998). KA D:1229(mitiglinide), a n ew allti- diabeticdrug witba chenljc alstructu re
differ e ntfro m sulfo nylu'1
･
e aShasbee;n dev e王oped in the United States, Eu rope, andJapa n･
pre clinic alstudiesha v esho w nthe dr ugt oha v e asho rト1astlng a nd im mediate effe ct on
hypoglycemic a ctio n al-dtoin cre ase insulin rele ase fro mbothpal Cr e atic β-c ells a nd
H IT- 15c ells(Ohn oda et all, 1994,1995)･ 旺A D-1229 hasbe en sho w nto displa c ethe
bo und【
3H]glibe n clami deil-the m ouseinsulin -secreting c e一lline M IN6 and t oinhibit
the KATP Chan n el culTe ntS in these c ells (M oga mi et all, 1994), s uggesting that it
stim ulatesin sulin se cretio nbyclosi ngthe KATP Cha n n elsbybindillgt OS U R.
Ev alu ation ofthe tissu 巳Sele ctivityofthe a nti-diabeticdru,gsthata ctthr ough S U R is
cru cial in pr edicting Side effe cts sin ce S U Rs aredistributedin m anytis su esI W hile
tissu e specificty ha sbe en repol edfoュ
.
S O me S ulfo nylu r e as(Gribble et al･ , 1998), that
fo r拡A D-1229has n otpr e vio u slybeen ex a min ed･ In thepresent study, w e e v alu ated
the sele ctivityof拡AD
-1229to v aユ･io u sKATP Cha n n els, u s 川gC OS-ユ c ells c o-e xpr e ss i ng
clo nedlGr6.2 a nd SU Rl, SUR2 A, o rSU R2B. Bec a u s eiしis kn o w nthat chro nic
tr e atmenし with sulfo n･ylul
･
e a S SO m etim e s一e ads toimpairmel-i Of s uユfo11ylu re a-in (lu c °(!r
･ 6 5I
in sul血 se cl･etio nin l'il,0 a nd in vit7
･
0(Kar a m etal. , 1986;Dav allietal., 1992;Rabu az z o
et al., 1992), w eha v e als oinvestigatedthe effe ct ofchr o nic K A D- 1229tr e atm e nt o n
in s ulil一S e C r etio rl.
- 6 6 -
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?
u . M加e m
'
I盈Its 訊mdLn伽仙o舶
2.1. Mal･e7･ia./s
The K AD -1229w as obtain ed
.
fr o mlliss ei P ha r m a c e utical Co. Ltd･(Naga no, Japa n)･
Glibe n clamide a nd tolbuta mide wer e pul
･
Cha sed fr o mR BI(Natick･, MA, US A) a nd
Nacalai Tesque(Kyoto,Japan), re spectively.【
3I-I]-labeledglibe n cla mide w a sfr om NE N
LifeScie n c ePr odu cts(Bost on, M A, U S A).
2.2. Cellc ultu re a.nd Tr a･n sfe ctio n
c o s-1 c ells w er eplated at a de nsity of 2)く10
6
c ells pe rdish(10c m in dia m ete r)for
displa c e m e ntas say of[
3H]glibe n cla m主debinding a nd at2×10
5
c ellspe rdish(3･5 c min
dia m eter)fo l･ patch cla mp chan n elre}c o rdings･ The" ells w er e c ult redin Dulbe c c o
'
s
m odi･fied Eagle
'
s m ediu m(D M E M)supple m ented with lO % fatal bovin ese ru m ･ T he
full-length cD N As enc odingtGr6.2(hu m al- O rm o use)a nd a S U R is ofol
.
m (hu m an
SU R l, ham ste rS U Rl, r atS U R2 Aor ra亡S U R 2B)w ere subclon ed into a m a mm alian
e xpression v e cto r, pC M V 6bo r6c･ T hehu m a n o rm o use lGr6･2 eフ〔PreSSion v ector and
hu r na n=S U Rl, ham ste rS U Rl, r atS U R2 A, o1
-
r atS U R2B expr es sio nv e cto r w ere co-
tra n sfe cted withPE G FP(Clo ntech, Palo A 比o, U S A), a tra n sfe c亡io n m a rker,into C O S-1
cells, usinglipo
･fpJCta min e a n〔1 0pti-ME MIr e age nts(LifeTechnologies,Rocln'ille, MD ,
U SA).
Fo r chr o nic 亡re atln e nt Of MIN6celユs withthein s ulin oLl
-
Opュc age nts, the c ells w el
●
e
- 6 7
I
plated at a cle n sityof1)(10
5
c ells perdish(10c min dia m ete r)a nd c ultul･edin DM E M
c o ntain ∫ng 25mM glu c o se, 10% fecal bo vine s e n l m, a nd63 トLM 2- m e rc apto etharl Ol･
On e 亡1ay afterplating, 監A D-1229(100nM)ortolbuta mide(100トLM)w as addedtothe
c ultu r e mediu m ･ T he c ells w e l･e c ultured withthe m ad.iu m c o ntain1ng O n e Ofthes e
drugsfor 14 days, a nd w e rethe n plated o nto a48- w ellplate at a de nsity of l>(10
5
[o
m easul
.
eins ulin sec retio nill respo nsetO V arious stim uli.
2.3. Ele ctr ophysiologic ala n alysis ofKATPCha 7 m els
T he tra nsfe cted C O S-1 c ells w et- a Cultu r ed fo r48-92 hr befo re l･e COrdings and w ere
sele cted by gr e e nflu oresc e n c e u nde1
-
a micr o sc ope(In agaldet al･ , 199 6). Re cordings
w e r e m adein the ex cisedin side- outpatch clamp m ode, aspl
･
evio uslydescri bed(Inagald
et al.
,
1995). Theintracellula rs olution c o ntained 140m M K Cl, 2 m M E G TA, 2 rim
MgC12, a nd 10rnM H EP E S(pH =7･3)･ T he pipette s olution contain ed140 m M K Cl, 1
m M CaC12, 1 m M MgC12, and 10IIIM H E P E S(pⅢ=7.4). Rec ol
･dings were m ade at201
22
o
C.
2. 4. 1IlhibitiorlOf[5Il]gliben cla mide bl7ulin･g tolu u7-an SURlby va7･ious a nti- diabetic
dr ugs
C O S-1 c ells tra n sfe cted wi[h hu m a nSU RI w ere wa she〔ltwic e with 旺RH buffe r
c o ntain ing 119mM NaCl, 4･7 mM K Cl, 2･5 mM CaCl,
_
,
1･2 mM KfTt2PO., 1.2 m M
･ 6 8 ･
MgS O4., 5 1T朋 NaH C O, a nd20 mM H EPE S(pI-T=7･4), a ndthel= eSuSPende (Iin the
s a m ebuffe r. Cells at ade n sity of 5)く10
5/tube w e r ein c uba亡ed･ with2 nM [
3
町 坤 el巴d･
glibe n clami dein the abs e nce o rpr e senc e ofv a rio u s c o n c e ntr atio n s of unlab･eled K AD
-
1229
, gliben cla mide, ol
･
tOlbutami dpJ atl･0 0 mtemPel
･
atul
･
efo r2 h･ Thein c ubatio n w as
terminated byl
･
aPid filtratio nthr o ughG F/ C filter s(W hatmanInternatio n al, M aidsto ne,
u.1I. .). The
･filters w ere･w ashedtwic e with ic e- cold l m H buffe ra nd ra･dioactivities
w ere m eaSui
･
ed using a liquidscintillatio n co unte r･ [
3H]glibencユa mide binding is
e '[pl
･
eSSed as per c entage o
･f the binding of[
3H]glibe n clami de witho ut n onlabeled
co mpounds･
2. 5. M e a･s u r e m e n.ts ofin sulin se c retio n
T he c ells w er epre -in c ubated for30minin K R 丑 buffe r c o ntaining154 m M NaCl, 6･2
m M KCl,3･3 m M CaC12, 1･5 m M K H2P O小 1･6 mM MgS O., 1214 m M NaH C O,, 20m M
H E P E S(pH =7.4), and 0.2 % bovine senlm albumin (BSA
-1n B) co ntaining 3 m M
glu c o se･
.
T he c ells w e r ethen stim ulated by adding 5 00トLl･ of B S A
-1 m buffer
c o ntain lng25m M gluco se o r100 nM K A D
- 1229, 100トLM tolbut a mi(le, or100nM
glibell Clamidein the pl
･
eSenC eOf3 m M glu c o se･ In s ulin se creted intothe me亡liu m w as
m e a s u red by l
･
a (1ioim m u n o a s say (Eike n Chemic al, Tokyo, Japan), as pre viously
desc ribed(Ka w akietal, 1999).
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3. 汲e 飢‡舶s
Repres entative rec o r(tings obtain ed fr o m ex cis e〔
1 inside- o ut patche sin C O S
- lcels
expr es si ngK^TPCha n nels are sho w nin Figu r el･ A T Palm o s
t co mpletelyinhibitedthe
thre etype sof KATPCha nn elcu lTentS at a C OnCentratio nof 1m M (Fig･ 1 A
- C)･ 旺A D-
1 229at a con c e ntration of 100 nM irlhibitedthe Kir6.2/S U R Ichannel c url
'
e ntS(Fig･
1 A). In contr ast, no significantinhibitiol -fthe Kir612/S U R 2 Acha nnelcurl
'
entS With
拡A D-122 9w as obs巳rv ed占v e nat the highe st co nc entratio n tested(100トLM) (Fig･ 1 B)･
T he Kir6.2/S U R 2Bchann el curr e ntsals o w ere not affe cted by K A D-1 229(Fig･ 1 C)･
T he do s e-depe ndenteffe cts of 拡A D
-1229 on KATP Cha n n elculT e ntS are Sho w nin Fig･ 2･
K A D-1229 inhibited both hu m a nⅨir6.2/hu m a nSURI KATPCha n n elc u rre nts and m ouse
lGr6.2/ha m ster S U R I KAY,Chan n el c urre ntsin adose
-depende nt m a n n e r(IC50 Valu e :
10 0nM forhum an lGr6.?_ 仇u m an S U RIchan nel; 22nM for m ouse Kir6･2/ha m ste r
S U R Ichan nel). In contrast, KA D-12 29 e v e nathigh co n centr ations(1トLM o r more)
show ed n o signific a ntinhibito ry e
･ffe ct on eithel･ m OuSe Ki1
･6･2/ratS U R2A or m ouse
Kir6.2/r at S U R 2Bchann els. T he inhibitory effe ct of K A D-1229(10nM) o nthe
lGr6.2/S U R Icha nn e一is re v ersible(Fig.1 A). T he c u rr e nt a mplitude re co v eredto 50 %
.Ithe v alu;obtain e cl be.fo l･e applic atio n ofthe clruginle s stha n2 min(115-J= 18.s)after
sta rtl ng W aSho ut･ In co ntrast, the e
･f･ e ct ofglibencla mide w a sill:e V e rSible, a nd the
c ul
･
r e ntClicln otl
･
e C O V e r Signifc a ntly e v e n aftel
･
C O ntin u o u s w ashingfol
･
m O l
･
e tha nlh
- 70 I
(n=5)(Fig. 1D)I
spe cific bindingof[
･l
町1abeledglibe n cla mide亡ohu lTla nS URl expr e ssedin CO S
-1
c ells w a sinhibited by u nlabeled glibe nclamide, K A D-1229, a nd tolbuta mide in a
co n c e ntr atio n-depende nt m a ner(Fig･ 3)･ The I C5.V alu e sfo rglibe nclamide, m A D
-
1229, a ndtolbutami de w ere7･1nM, 280nM , and 140LLM, r e spectively･
.Ac uteinsulin se cr eto ryresponsesto va rio u s stim uli in M IN 6cellstre ated chr onic ally
with 監A D-1229 o rt olbutamide a1
･
e Sho wnin Fig･ 4(A - C)･ As c?ntl
.
01･
J
the c ellstr eated
with v ehicle alon e w er e used. Basal insulin se c retio nin thepr esence of3 m M glu co se
w as signific a ntlylo w e rin M ⅠN 6c ells tre ated with K A D
-1229a nd tolbuta血de for 14
days th an in control･ Follo w i ng Chro nic expo s ul
･
e tO K A D-1229at a c o n c e ntl･ation of
loonM , basal se cr etio n a nd s ecretionindu c ed bythe v ariou s stim uliw er ede cl
･
e a S ed･
cornpa redto co ntl
-
Ol･ TheinhibitoIγ ef
･fe cLs ofchronic 監A D-129tre atm e nto nins ulin
sec r etio n w er si mi 1(v to those withtolbutamide tre at me nt･ Thel
･
e W as nO Signific a nt
dif･fere nce in insulin conte ntin M IN 6c ells tr eated with KA D-1229o rtolbutami de
(Fig.4 D).
I 7 1 -
乱 D長s c M S S竜oI11
we ha ve sho w nthatKA D-12 29inhibitsi
'Jl･6.2/SU R l(pa n c re aticβ- celltype)K^ T｡
cha n n elsin a do sedependenトm a n n e rbLltha s n o sign fic a ntinhibitory effect o n
■
either
粘r6.2/S UR 2 A(cardiac ty pe) K^ TPCha n n els o rlGr6･2/S U R 2 B KA TPChan nels e ven at
high con c e ntratio n s(100トLM a nd m o re)I In radioliga nd binding a s s ay, 拡A D
-1 22 9
inhibited r.he binding of[
3Il]glibe ncla mide to S U R le xpre ssed in C O S-1 c ells･ T he
affirity of hu m a nS U R lfor 旺A D-1 229w as about5 00 foldthatfo rtolbuta mide, but4 0
fold lo w er than thatfo rglibe n clamide･ The IC50fo rthe effe ct of 旺A D
- 1229 o n
lGr6.2/S U R Ichannel c urr e nt w as consiste nt with that by the [
3rI]gliben clami de
displace m e nt as say of K A D
-1229to hu m a nS U R l･ These 1･e S ultsde m o ns tr ate that
K AD - 1229inhibitshu m an pa n cr e a亡ic ･β- c ellty pe KA TPCha n n elsbybindingto S U R l.
T he tissu esele ctivityofsom e ami- diabetic drugs hasbe e nde m o n strated by G
･ribble
et al. (1998):(i)tolbutamide i11hibits Kir6･2/S UR Ichann els but not Kir6･2/S U R 2 A
chan nels
,(ii)glibe n clarnide blocks both Kir6･2/S U R l(tG I 4 nM)a nd Kir6･2/S U R 2 B
(Ki = 27nM)cha nn els; and(iii) m eglitinide, a no n-s ulfonylu rea hypoglyce mic agent
witha .benz ami de m oiety,inhibitecll h
･6.2/S U R land Kjr6･2/S U R 2 Achann els atsimilar
c on c e ntr atio n s(Ki = 0.3 and 0.5 トLM , l
･
eSPe Ctively)･ T hey pl
.
OPO Sed that S U R I
po s ses s e stw odl
･
ug-bin 〔lingsites(a s ulfo nylu r e a-bindingsite and abenz ami de -binding
site), while SUR2 A has o nly a be n z amicle-binding site･ T hey als o s ugge sted that
tolbutami debindstothe sulfo nylu r e a-bindingsite a ndglibe n clamidebindstobothsites,
- 7 2 ･
whel･eaS meglitnide binds only 【o the be nz amide
-bin (ling site, a n (1, the r efol
･
巳
,
thaL
gユibe nclamide a nd lTleglitinideboth bindto SU Rl
and SUR2, while tol･butamidebinds
o nly to SU R l. In the pre s e nt study, w ede m o n sh
･
ate that K A･D -1229 ha s ahigh
sele cti
･
vityinitsinhibitio nfo r clo ned lGr6･2/S U R Ichannels, i
･ e.
,
the pa n c r e aticP- cell
type K^TPCha n nels･ A hightissue sele ctivity of 虹A D
-1229 has als obe en fo und in
n ative KATPCha n n els(ID5.in M IN 6cellsis20nM)(Mogami et all , 1994)･ 旺A D
-1229,
therefore, rese mblestolbutami dein te r ms of its tis su e seie ctivity･ In additio n, 旺AD
-
1229 inhibits thebinding of[
3H]glibencla mide to hu m anSU Rl･ T he s e l
'
e S ultss ug gest
that the 虻A D-1229 bindsto the sulfo nylul
･
e a-bindingsiteinS U R l butdo es n otbindto
thebe nz ami de -bindingsiteS U R2 A･
Ele ctrophysiologicalstudy als o shows that旺A D
-1229 has n oslgnific antinhibitory
effe ct ｡n ｡idl el･ 1rJr6.2/S U R2 A(c ardiac type KATPCha nnel)or 臥 r6･2/S U R 2 Bcha nn el
cu n
･
e nts. The KATPCha n n els in heart play an impol
-
ta nt r ole in pr ote ctlng aga lnS t
myo cardial da m agedu ringischaemia a ndl
･
eperfusio n(Coles et all , 1991)and re c o v ery
ofc ardiac contr actilityafte rischaemia andrepe血 sio niskn ow n 亡ob
e m ore deteriorated
in the pre se nc e of gliben clami(le tha nin its
abse n ce (Shige m a亡s u eL al･, 1995)･
sulfo nylur ea shav ebe en u s ed inthe treatm e nt oftype 2
diabetes mellitusfo ra m a ny
ye ar
-
S
,
but se veral repoltS ha v esho w n 仙 chr o nic s ulfo nyl
u r e atreatm e nt c a u s e s
u nr e spo n siv e ne s sto stlbs eque n･t stim ulatio nbo
th in .}itf･O a ndill 1'L
'
l'0 (Ka ra m et al･ ,
1986;Davalliet all , 1992;Rabu a z z o etall, 1992)･ Inthe pre s e nしstu (1y, w efo u n ⊂lthat
- 73 ･
ins ulin se cretionin re spo ns e亡o v a rio u s s山m uli,in cluding K AD
-1229 a ndtolbu[amide,
afLel･ Chr o nic expo sLlrein MⅠN6cellsisimpaired,butis r e亡ain edto s o m exte nt. In a
pr e vio u s study, we fo u ndtha亡iflS ulin s e c re亡io nin a c ute r e spo n s eto glibenclamide in
M IN6c ells w a s severelyimpair ed afte r chro nic e)cpo sure to glibe n clami de(Ka wakie亡
al一 , 1999). T hesefindingsindic ate that the chl
'
O nic effe ct of K A D-122 9o npancre atic
β-cellsis si mi 1(TrtOthatoftolbutami de, butdifferentfl･O mthatofglibe nclamide.
In con clu sio n, w e pro vide dil
･
eCt e vide n c ethatK A D-1 229 bindstohu m a nS U R la nd
exhibitsa high degre e ofthe spe cifi cityto the pa n cre aticβ- c ell KATPCha nn el. Bec a use
the effe cts of 旺A D-1229on the pa n c re aticβ- c elltype KATPChann el a r e r ev rsible and
thein s ulin se creto ry r espon sesto va riotlS Stim uliafte r chr o nic e xpo s u reto the drug are
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